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Description

[0001] This application claims the benefit of United States Provisional Applications 60/659,678, filed March 7, 2005,
60/576,242, filed June 1, 2004, and 60/559,919, filed April 5, 2004.
[0002] This invention was made in part with government support under grants CA89189, CA95137, P30 DK26743
and P60 DK63720, from the National Institutes Health. As such, the United States Government has certain rights in the
invention.

FIELD OF INVENTION

[0003] The present invention relates to methods and compositions for treating and/or preventing inflammatory syn-
dromes, in particular by impairing the expansion and function of autoreactive T cells, and any additional inventive features
related thereto. In addition, the present invention provides methods and compositions for preventing NK cell-mediated
graft rejection.

BACKGROUND OF INVENTION

[0004] NKG2D is an activating receptor that is expressed in humans and mice on NK cells and certain types of T cells.
NKG2D recognizes UL16 binding protein (ULBP1), ULBP2, ULBP3, ULBP4, and MHC class I chain-related molecules
(MICA and MICB) in humans, and minor histocompatibility antigen 60 (H60), retinoic acid early inducible transcript (RAE-
1), and murine ULBP-like transcript 1 (MULT-1) in mice. NKG2D homodimers associate with the adaptor molecule
DAP10, which contains the consensus p85 phosphatidyl inositol-3-kinase (PI3-K) binding motif Tyr-Ile-Asn-Met (YINM,
set forth as SEQ ID NO:9). NKG2D and DAP10 interact early in their biosynthetic pathway and this interaction is required
for transport of NKG2D to the cell surface.

SUMMARY OF INVENTION

[0005] The present invention provides methods and compositions for treating or preventing a syndrome associated
with NKG2D-mediated activation.
[0006] In one aspect, the methods are carried out by contacting leukocytes expressing NKG2D with an agent that
reduces ligand-induced NKG2D activation of the cells under conditions suitable for treating or preventing the syndrome.
In some embodiments, the contacting results in a reduction of at least about 30% in ligand-induced NKG2D activation;
in other embodiments, the reduction is at least about 40%, 50%, 60%, 70%, 80%, or 90% relative to a control.
[0007] The agent may, without limitation, reduce the interaction of NKG2D with DAP10; reduce the amount of NKG2D
on the surface of the cells; increase the rate at which surface NKG2D is internalized; reduce signaling through the
NKG2D-NKG2D ligand complex; and/or reduce transcription or translation of NKG2D-encoding nucleic acids. In some
embodiments, the agent enhances internalization of surface NKG2D polypeptides under conditions (such as, e.g., those
present in chronic inflammatory syndromes) in which one or more of MICA, MICB, ULBP1, ULBP2, ULBP3, or ULBP4
cannot decrease the amount of cell-surface NKG2D to the extent that would be necessary (in the case of a therapeutic
agent) to provide a therapeutic benefit.
[0008] In some embodiments, the agent used in the compositions and methods provided by the invention, comprises
an antibody that binds NKG2D or an NKG2D-binding fragment thereof. The antibody may be a monoclonal antibody,
such as, e.g., a human antibody, a humanized antibody, or a chimeric antibody.
[0009] In practicing the invention, the target leukocytes may be one or more of a NKG2D+ CD8+ T cell, a NKG2D+CD4+
T cell, a NKG2D+γδ T cell; and a NKG2D+ NK cell; or the target cells may comprise macrophage cells.
[0010] In one aspect, methods of the invention can be used to treat and/or prevent an inflammatory syndrome asso-
ciated with NKG2D-mediated activation in a mammal such as a human patient. The human patient may be diagnosed
as having or being at substantial risk of developing such an inflammatory syndrome. In a particular aspect, the method
of the invention is directed to the treatment of a diagnosed condition in a human patient.
[0011] In separate aspects, the invention also provides methods for treating or preventing rheumatoid arthritis, multiple
sclerosis, celiac disease, inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis, psoriasis, or
transplant rejection. Syndromes to which the present invention may also be applied include, without limitation, type I
diabetes mellitus, systemic lupus erythematosus, Hashimoto’s thyroiditis, myasthenia gravis, Guillain-Barré syndrome,
autoimmune uveitis, primary biliary cirrhosis, autoimmune hepatitis, autoimmune hemolytic anemia, pernicious anemia,
autoimmune thrombocytopenia, Grave’s disease, autoimmune oophoritis, autoimmune orchitis, temporal arteritis, anti-
phospholipid syndrome, Wegener’s granulomatosis, Behcet’s disease, scleroderma, polymyositis, dermatomyositis,
ankylosing spondylitis, Sjogren’s syndrome, dermatitis herpetiformis, pemphigus vulgaris, vitiligo, psoriatic arthritis, os-
teoarthritis, steroid-resistant asthma, chronic obstructive pulmonary disease, and atherosclerosis. In a particular aspect,
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the syndrome is not type I diabetes mellitus.
[0012] In another aspect, the present invention provides pharmaceutical formulations and kits that comprise an NKG2D
modulator such as, for example, an anti-NKG2D antibody or antibody fragment. In one series of embodiments, the kits
comprise an NKG2D modulator and instructions for contacting a leukocyte with a NKG2D modulator under conditions
suitable for treating or preventing a syndrome associated with NKG2D-mediated activation of leukocytes.
[0013] The present invention also provides methods of identifying a NKG2D modulating agent, comprising: contacting
a NKG2D+ leukocyte with a test agent; and measuring NKG2D expression by the leukocyte. In some preferred embod-
iments, measuring NKG2D expression comprises one or more of measuring NKG2D transcription, translation, and
internalization. A subset of these embodiments, further comprise clinical testing the test agent according to FDA guide-
lines.
[0014] Moreover, the present invention provides methods of identifying a NKG2D modulating agent, comprising: con-
tacting a NKG2D+ leukocyte with a test agent; and measuring ligand-induced NKG2D activation of the leukocyte. In
some preferred embodiments, measuring ligand-induced NKG2D activation comprises one or more of measuring DAP10
phosphorylation, p85 PI3 kinase activity, Akt kinase activity, production of IFN-γ, and cytolysis of a NKG2D+ target cell.
A subset of these embodiments further comprise clinical testing the test agent according to FDA guidelines.
[0015] In a further aspect, the invention provides a method of identifying a therapeutic or prophylactic agent for treatment
or prevention of inflammatory conditions and/or autoimmune diseases associated with NKG2D activation. The method
comprises screening potential agents (e.g., antibodies or antibody fragments) for the ability to specifically bind NKG2D
and impair the expansion of NKG2D+ T cells or NK cells without significantly depleting such cells in a population of cells,
suitable model, host or patient (e.g., by analyzing such antibodies using experimental strategies described herein). The
screening may also or alternatively comprise screening for the ability to induce internalization of NKG2D on the surface
of NKG2D+ T cells or NK cells.
[0016] In another particular aspect, the invention relates to the use of an agent (e.g., an antibody or antibody fragment)
that is specific for NKG2D and is capable of impairing the expansion of NKG2D+ T cells or NK cells without depleting
such cells for the preparation of a medicament for the treatment of rheumatoid arthritis.
[0017] In yet another particular aspect, the invention relates to the use of an agent (e.g., an antibody or antibody
fragment) that is specific for NKG2D and is capable of impairing the expansion of NKG2D+ T cells or NK cells without
depleting such cells for the preparation of a medicament for the treatment of multiple sclerosis.
[0018] In still another exemplary aspect, the invention relates to the use of an agent (e.g., an antibody or antibody
fragment) that is specific for NKG2D and is capable of impairing the expansion of NKG2D+ T cells or NK cells without
depleting such cells for the preparation of a medicament for the treatment of inflammatory bowel disease.
[0019] A further exemplary aspect of the invention relates to the use of an agent (e.g., an antibody or antibody fragment)
that is specific for NKG2D and is capable of impairing the expansion of NKG2D+ T cells or NK cells without depleting
such cells for the preparation of a medicament for the treatment of psoriasis.
[0020] An additional aspect of the invention is embodied in the use of an agent (e.g., an antibody or antibody fragment)
that is specific for NKG2D and is capable of impairing the expansion of NKG2D+ T cells or NK cells without depleting
such cells for the preparation of a medicament for the treatment of transplant rejection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Figure 1 is a graphic illustration of RAE-1 expression on pancreatic cells in pre-diabetic NOD mice. Figure 1(a)
shows RAE-1 mRNA measured by quantitative RT-PCR in pancreatic tissue from 12-16 week-old NOD and BALB/c
mice. Figure 1(b) shows RAE-1 mRNA measured by quantitative RT-PCR in pancreatic tissue from NOD and
NOD.scid mice 4-6 weeks and 12-16 weeks of age. Figure 1(c) shows RAE-1 mRNA measured by quantitative RT-
PCR in different tissues of pre-diabetic NOD. Representative data are shown and expressed as fold-induction of
RAE-1 transcription. Fold-induction was calculated according to the formula: Fold induction = amount of RAE-1
transcript in the pre-diabetic NOD organ normalized to HPRT divided by the amount of RAE-1 transcript in the young
NOD organ normalized to HPRT. Figure 1(d) shows RAE-1 expression on CD45- NOD pancreatic cells analyzed
by flow cytometry using anti-CD45 and anti-RAE-1 mAb. Figure 1(e) shows RAE-1 expression on CD45- islet cells
isolated from pancreas (upper panel) and draining pancreatic lymph nodes (PLN) (lower panel) in NOD mice stained
with anti-CD45 and anti-RAE-1 mAb.
Figure 2(a) is a graphic illustration of NKG2D expression on CD8+ T cells. Leukocytes from spleen, liver, pancreatic
lymph nodes (PLN) and pancreas of 10-week and 25-week old NOD mice were isolated and stained by standard
methods using monoclonal antibodies against CD8 and NKG2D. The indicated percentages of NKG2D+ CD8+T
cells (expressed as the percentage of total CD8+ T cells) are shown. Figure 2(b) is a graphic illustration of expression
of CD44 and Ly-6C on pancreatic and PLN NKG2D+ CD8+ T cells. Cells were stained with monoclonal antibodies
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against CD8, NKG2D, and CD44 or Ly6C and the results are shown for gated CD8+ T cells. Figure 2(c) is a graphic
illustration of expression of NKG2D and CD44 on pancreatic and PLN NRP-V7/H-2Kd tetramer-positive CD8+T cells.
Cells were stained with NRP-V7/H-2Kd tetramer and with monoclonal antibodies against CD8 and CD44 or NKG2D.
The indicated percentages of NRP-V7/H-2Kd tetramer-positive CD8+ T cells (gated on CD8+ T) cells are shown.
Figure 2(d) shows micrographs of NKG2D+ CD8+ T cells accumulated near the islets. Sequential frozen sections
of pancreas isolated from pre-diabetic NOD mice 16 weeks of age were stained with anti-CD8, anti-CD68 (macro-
phage marker), anti-NKG2D and anti-insulin antibodies. Left: phase-contrast differential image, Center: CD8 (red),
NKG2D (green), and insulin (blue); Right: CD68 (red), NKG2D (green), and insulin (blue). Double-positive
CD8+NKG2D+ T cells and CD68+NKG2D+ macrophages are yellow.
Figure 3(a) is a graphic illustration of the effect of treatment with anti-NKG2D mAb from 7-25 weeks of age on the
proportion of NOD mice who developed diabetes. Dark circles: NOD mice treated with anti-NKG2D mAb (n=7) (bi-
weekly at 200 Pg/mouse IP); light circles, NOD mice treated with sterile non-pyrogenic PBS (n=7). Diabetes was
diagnosed when the blood glucose level was greater than 300 mg/dL on two consecutive measurements. Figure 3
(b) is a graphic illustration of the blood glucose levels measured weekly from 6 weeks to 40 weeks of age in the
animals represented in Figure 3a. Figure 3(c) is a graphic illustration of the proportion of NOD mice that developed
diabetes after treatment with anti-NKG2D mAb at a late pre-diabetic stage. NOD mice were treated with anti-NKG2D
mAb (bi-weekly at 200 Pg/mouse IP, dark circles; n=14) or control Ig (light circles; n=14) from 13 weeks to 25 weeks
of age. At 25 weeks of age, seven anti-NKG2D mAb-treated mice continued to receive treatment until 30 weeks of
age (dark triangles). Figure 3(d) is a graphic illustration of blood glucose levels measured weekly from 12 weeks to
36 weeks of age in the animals represented in Figure 3c.
Figure 4(a) is a graphic illustration of the analysis of leukocytes infiltrating the pancreas and pancreatic lymph nodes
of 11 week old NOD mice treated with control Ig (cIg) or anti-NKG2D mAb (200 Pg/mouse IP bi-weekly beginning
at 7 weeks of age) that had been stained with anti-CD8, anti-NKG2D, and anti-CD44 and subjected to flow cytometry.
Results shown are gated on CD8+ T cells. Figure 4(b) represents photomicrographs of pancreatic islets of 16 week-
old NOD mice treated with control Ig from 7 weeks of age. Frozen pancreas sections were prepared and stained
from 16 week-old NOD mice treated with control Ig. Left: DAPI (nuclei) staining; Right: CD8 (red), NKG2D (green)
and insulin (blue). Figure 4(c) represents photomicrographs of pancreatic islets of 16-week old NOD mice treated
with anti-NKG2D mAb treatment (200 Pg/mouse IP bi-weekly) from 7 weeks of age that were prepared and stained
as in panel (b). Figure 4(d) is a graphic illustration of the effect of anti-NKG2D antibody treatment on the accumulation
of autoreactive NRP-V7/H-2Kd tetramer-positive CD8+ T cells in the pancreas. Leukocytes were isolated from pan-
creases and PLN of 18 week-old NOD mice treated with anti-NKG2D mAb (200 Pg/mouse IP bi-weekly) or control
Ig from 13 weeks of age. The indicated percentages of NRP-V7/H-2Kd tetramer-positive CD8+T cells (gated on
CD8+T cells) are shown. Figure 4(e) is a graphic illustration of lymphocytes from spleen and peripheral blood in
mice treated with control Ig or with anti-NKG2D (200 Pg/mouse IP bi-weekly stained with NRP-V7/H-2Kd tetramer
and anti-CD8 mAb. The indicated percentages were NRP-V7/H-2Kd tetramer-positive cells (gated on the CD8+ T
cell population). Figure 4(f) is a graphic illustration of pancreatic lymph node cells isolated from 25 week-old NOD
mice treated with control Ig (cIg) or anti-NKG2D (200 Pg/mouse IP bi-weekly) beginning at 13 weeks of age, as
indicated, and cultured with PMA (20 ng/ml) and ionomycin (500 ng/ml) and brefeldin A (5 Pg/ml) for 6 hr. Intracellular
IFN-γ was detected in CD8+ T cells by immunofluorescent staining and flow cytometry.
Figure 5 is a graphic illustration of flow cytometric measurements from an adoptive transfer experiment of NOD T
cells into NOD.scid recipients. Figure 5(a) shows NKG2D+ CD8+ T cells in the pancreas, PLN and spleen of NOD.scid
mice transplanted with NOD T cells. Prior to adoptive transfer, purified T cells from a diabetic NOD donor were
stained with anti-CD8 and anti-NKG2D (a, top left panel). Five weeks after transfer, cells harvested from the pancreas,
PLN and spleen were stained with anti-CD8 and anti-NKG2D (a, upper panels) or anti-NKG2D and anti-CD44 (a,
lower panels). The percentages of NKG2D+ CD8+T cells (gated on CD8+T cells) are shown. Figure 5(b) shows
accumulation of autoreactive NRP-V7/H-2Kd tetramer-positive CD8+T cells in NOD.scid mice receiving adoptively
transferred T cells from diabetic NOD mice treated with anti-NKG2D mAb (200 Pg/mouse IP bi-weekly) or control
Ig, beginning at the time of transfer and analyzed 10 weeks after transfer. The indicated percentages of autoreactive
NRP-V7/H-2Kd tetramer-positive CD8+T cells were detected gated on live cells. Figure 5(c) shows the detection of
NKG2D on NRP-V7/H-2Kd tetramer-positive T cells from these same treated mice, gated on CD8+ T cells. Figure
5(d) is a graphic illustration of the proportion of NOD.scid mice transplanted with T cells from diabetic NOD mice
that developed diabetes. Five week-old NOD.scid mice that received adoptively transferred T cells from diabetic
NOD mice were treated with anti-NKG2D mAb (dark circles; n=6) or control Ig (light circles; n=7) from 5 weeks to
14 weeks of age. Mice were injected intraperitoneally with 200 Pg anti-NKG2D mAb CX5, twice weekly. Diabetes
was diagnosed when the blood glucose level was greater than 300 mg/dL on two consecutive measurements. Figure
5(e) is a graphic illustration of the expansion of autoreactive NRP-V7/H-2Kd tetramer-positive CD8+T cells after
stopping treatment with anti-NKG2D mAb. Four weeks after anti-NKG2D mAb treatment was ceased in NOD.scid
mice transplanted with T cells from diabetic NOD mice, animals were sacrificed and the pancreases were analyzed
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for infiltrating NRP-V7/H-2Kd tetramer-positive, NKG2D+ CD8+T cells. For comparison, mice treated with control Ig
that developed diabetes were also analyzed.
Figure 6(a) is a graphic illustration of the lack of expression of NKG2D on 8.3 TcR-transgenic NOD T cells before
adoptive transfer. Lymphocytes were isolated from the lymph nodes and spleen of young 8.3 TcR-transgenic NOD
mice. The 8.3 TcR-transgenic NOD T cells were then purified, by magnetic cell sorting. Prior to T cell transfer, 8.3
TcR-transgenic NOD T cells were stained with anti-CD8 and NRP-V7/H-2Kd tetramers or anti-NKG2D and analyzed
by flow cytometry, as shown. Figure 6(b) is a graphic illustration of NKG2D expression on 8.3 TcR-transgenic NOD
T cells in the pancreas two days after adoptive transfer of 8.3 TcR-transgenic NOD T cells. Two days after adoptive
transfer of 8.3 TcR-transgenic NOD T cells, leukocytes were isolated from the pancreas of mice that were treated
with control Ig or anti-NKG2D mAb CX5 at the time of cell transfer. Cells were stained with NRP-V7/H-2Kd tetramers
and anti-NKG2D and were analyzed by flow cytometry. Expression of NKG2D on the adoptively transferred T cells
(identified by gating on NRP-V7/H-2Kd tetramer-positive cells) is shown. Figure 6(c) is a graphic illustration of the
effect of anti-NKG2D mAb CX5 on the proliferation of 8.3 TcR-transgenic CD8+ NOD T cells in the pancreas. CFSE-
labeled 8.3 TcR-transgenic NOD T cells (1x107) were transferred into 10 week-old wild type NOD mice (day 0).
Recipient NOD mice were treated with cIg or anti-NKG2D mAb CX5 (200 Pg) on day -1, day 1, and day 5. After
transfer, recipient NOD mice were sacrificed and leukocytes were isolated and analyzed from the pancreas, pan-
creatic lymph node (PLN), and mesenteric lymph node (MLN). Cells shown in (c) were gated on viable CD8-positive
lymphocytes. Figure 6(d) is a graphic illustration of the percentages of CSFS-labeled cells in the control Ig (open
bars) and anti-NKG2D mAb (closed bars)-treated mice that had undergone one or more divisions (i.e. proliferating
cells) on days 2, 3 and 4 post transfer, calculated by the following formula: % proliferating cells = (Total CFSE+

NRP-V7/H-2Kd tetramer+ CD8+ cells minus non-dividing CFSE+ NRP-V7/H-2Kd tetramer+ CD8+ cells) x 100/ Total
CFSE+ NRP-V7/H-2Kd tetramer+ CD8+ cells.
Figure 7 represents photomicrographs of 8.3 TcR-transgenic NOD lymphocytes cultured with 100 nM IGRP (glucose-
6-phosphatase catalytic subunit-related protein) peptide for 3 days and then grown in the presence of 200 U/ml
human recombinant IL-2 and 4 ng/ml IL-7 for an additional 5 days. Activated 8.3 TcR-transgenic CD8+ T cells were
stained on ice with anti-NKG2D mAb CX5 and counterstained with cholera toxin B to label the cell surface membrane.
An aliquot of these stained cells was incubated for 30 minutes at 37°C and another aliquot was kept on ice. Cells
were analyzed by using a fluorescent microscope. In the photomicrograph, NKG2D expression is displayed as green
fluorescence and red fluorescence indicates cholera toxin B (membrane) staining. Note that NKG2D was present
on the cell surface of cells incubated on ice, but was modulated and internalized in cells cultured at 37°C.
Figure 8 is a graphic illustration of the effect of anti-NKG2D mAb on NKG2D-bearing CD8+ T cells in vivo. OT-1
ovalbumin (OVA)-specific TcR-transgenic CD8+ T cells were activated with 100 nM OVA peptide for 3 days and
then cultured with 200 U/ml human recombinant IL-2 and 4 ng/ml IL-7 for an additional 5 days. NKG2D was expressed
on the activated OT-1 T cells (>95%), which were labeled with CFSE and adoptively transferred (2x107 cells) into
C57BL/6 mice. Mice receiving transferred CD8+NKG2D+ OT-1 TcR-transgenic T cells were treated with anti-NKG2D
mAb or control rat Ig at -2, 0, and +2 days (200 Pg per intraperitoneal injection). Figure 8(a): Four days after transfer,
blood samples were collected, stained with mAbs against mouse CD8 and NKG2D and analyzed by flow cytometry.
The percentages of CD8+ T cells labeled with CSFE are indicated. Figure 8(b): On day 21 after adoptive transfer
of CFSE-labeled OT-1 TcR-transgenic T cells and treatment with control Ig or anti-NKG2D mAb CX5 as indicated
in (a), mice were sacrificed and splenocytes were isolated and analyzed by flow cytometry. Figure 8(c): On day 7
after adoptive transfer of the CFSE-labeled CD8+NKG2D+ OT-1 T cells, mice were injected with a depleting rat anti-
mouse CD8 mAb (2.43 hybridoma, rat IgG2b isotype). Three days later peripheral blood cells were stained with
control Ig, anti-CD8 or anti-NKG2D mAb and analyzed by flow cytometry. The purpose of this experiment was to
demonstrate that the CX5 anti-NKG2D monoclonal antibody does not deplete NKG2D+ CD8+ T cells when the
antibody is administered in vivo.
Figure 9 is a graphic illustration of the effect of anti-NKG2D mAb on autoreactive CD8+ T cell proliferation. 8.3 TcR-
transgenic NOD T cells were labeled with CSFE and transferred into wild-type NOD mice, which were treated with
control Ig or anti-NKG2D mAb CX5 as described in Fig. 6. Cells harvested from the pancreas, pancreatic lymph
nodes, mesenteric lymph nodes and spleen were stained with NRP-V7/H-2Kd tetramer and anti-CD8 mAb and
analyzed by flow cytometry. Histograms of lymphocytes gated on CD8-positive NRP-V7/H-2Kd tetramer positive
cells are shown. The percentages of proliferating (more than one division) and non-proliferating cells (gated on
CFSE+ CD8+ NRP-V7/H-2Kd tetramer+ T cells) are indicated in each histogram. Cells stained with isotype-matched
control Ig or controls for tetramer staining demonstrated the specificity of binding of the reagents.
Figure 10 illustrates the specificity of the staining for NKG2D ligands on NOD pancreas cells. Figure 10(a): NOD
pancreas cells were isolated and stained with anti-CD45 mAb and with control Ig, an anti-pan RAE-1 mAb (clone
186107), anti-RAE-1γ mAb (clone CX1) or mouse NKG2D-Ig fusion protein (extracellular domain of mouse NKG2D
fused to human IgG1 Fc), followed by appropriate second step reagents for visualization. Cells were analyzed by
flow cytometry and CD45-negative and propidium iodide-negative, viable cells were evaluated. Cells stained with
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isotype-matched control Ig (cIg) demonstrated the specificity of mAb binding (thin line). Figure 10(b): Pure anti-RAE-
1 mAbs blocked the staining of biotin-labeled anti-RAE-1 mAbs, demonstrating the specificity of binding. Pancreas
cells were pre-incubated with 0.25 Pg purified cIg, anti-pan RAE-1 mAb clone 186107 or anti-RAE-1γ mAb clone
CX1 (which also cross-reacts with RAE-1α and RAE-1β). After 20 min incubation on ice, these cells were then
stained for an additional 20 min with 0.25 Pg biotinylated control Ig, biotinylated anti-RAE-1 mAb clone 186107,
biotinylated anti-RAE-1γ mAb clone CX1 and FITC-conjugated anti-CD45 mAb. To detect the biotinylated mAbs,
cells were washed and incubated with PE-conjugated streptavidin. Cells were analyzed by flow cytometry and data
shown were gated on CD45-negative, propidium iodide-negative, viable cells. Thus, NKG2D ligands are detected
on the NOD pancreas cells using three independent reagents: anti-RAE-1 mAb clone 186107, anti-RAE-1 mAb
clone CX1, and a mouse NKG2D-Ig fusion protein. Anti-RAE-1 mAb staining is specific in that biotinylated anti-RAE-
1 mAb staining is completely blocked by purified anti-RAE-1 mAbs, but not a control rat IgG.
Figure 11(a) shows the cDNA sequence (SEQ ID NO:1) of murine NKG2D. Figure 11(b) shows the amino acid
sequence (SEQ ID NO:2) of murine NKG2D. Figure 11(c) shows the cDNA sequence (SEQ ID NO:3) of human
NKG2D. Figure 11(d) shows the amino acid sequence (SEQ ID NO:4) of human NKG2D.
Figure 12 is a graphic representation of a flow cytometric analysis ofNKL cells (a human NK leukemia cell line) that
had been incubated with a mouse anti-human NKG2D antibody (clone 149810) for 16 h to stimulate NKG2D inter-
nalization (right panel). The left panel shows cells that had been incubated with a control antibody for 16 h. In each
case, the cells were briefly washed in an acidic buffer (pH 3.5) to remove any residual bound antibody and then
stained with control Ig or anti-NKG2D mAb, followed by phycoerythrin-conjugated goat anti-mouse IgG antibody.
The experiment shows that the anti-human NKG2D monoclonal antibody induced internalization (modulation) of
NKG2D, whereas incubation with the control Ig did not cause internalization of NKG2D.
Figure 13 shows that RAE-1 is expressed on B/c BM cells but not on B6 BM cells. Figure 13(a): Freshly isolated
BM cells were stained with a mouse NKG2D-human Ig Fc fusion protein (NKG2D Ig) or control human Ig (cIg). To
detect the binding of NKG2D-Ig, a PE-conjugated anti-human IgG antibody (anti-human Ig PE) was used as a
second step antibody. The dotted line represents cIg staining on BM cells. The thick line shows NKG2D ligand
expression on BM cells. Figure 13(b): BM cells were stained with biotinylated anti-pan RAE-1 mAb, biotinylated anti-
H60 mAb, biotinylated anti-MULT1 mAb or a biotinylated isotype-matched cIg, and then were stained with PE-
conjugated streptavidin. The dotted line shows the cIg staining and the thick line shows RAE-1, H60 and MULT1
expression on BM cells. Figure 13(c and d): CB6F1 recipients were treated with anti-NK1.1 mAb on day -2. On day
0, recipients were irradiated (11 Gy) and then reconstituted with B/c or CB6F1 BM cells (4x106). On day 7, cells
from the recipient spleens were isolated and analyzed as described for panels a and b. The dotted line represents
cIg staining on BM cells. The thick line shows NKG2D ligand, RAE-1, H60 and MULT1 expression on BM cells.
Numbers represent the mean fluorescence (arbitrary linear units) of the stained cells. Figure 13(e and f): graphically
illustrates that phenotype of the RAE-1-expressing cells. BM cells were transferred into irradiated recipients pre-
treated with anti-NK1.1 mAb. Cells were isolated and stained as described for panel c. Figure 13(g): illustrates that
proliferating cells express RAE-1. B/c BM cells were transferred into irradiated CB6F1 mice that were pretreated
with anti-NK1.1 mAb. Six days after transfer, BrdU (0.8 mg/ mouse) was injected into mice. Two hr or 12 hr later,
cells from recipient spleens were collected and stained with anti-pan-RAE-1 mAb and anti-BrdU. Figure 13(h and
I): illustrates that RAE-1 is expressed on progeny of 5-FU-treated BM. BM cells from 5-fluorouracil-treated B/c mice
were transferred into irradiated CB6F1 mice that were pretreated with anti-NK1.1 mAb. Eight days post-transfer,
cells were isolated and analyzed as described for panels c and e. Figure 13(i): shows c-kit and Sca-1 staining of
RAE-1-positive gated cells. In panels e-i, >98% of cells stained with cIg were in the lower left quadrant (not shown).
The percentage of cells in each of the top two quadrants is displayed. These results were reproducible in at least
two independent experiments (representative data are shown).
Figure 14 (a): illustrates that Anti-NKG2D mAb blocks rejection of B/c BM in CB6F1 hybrid mice. Approximately
4x106 BM cells were transferred into irradiated CB6F1 recipients. Recipient mice were injected with 125IUdR on day
5, and spleens were harvested and counted on day 6. Black bars show 125IUdR uptake of spleens in B/c BM ->
CB6F1 mice and white bars show uptake of radiolabel in CB6F1 BM -> CB6F1 recipients. Mice were treated with
the non-depleting, neutralizing anti-NKG2D mAb or the NK cell-depleting anti-NK1.1 mAb (200 Pg/mouse on day
-2), as indicated. Results are shown as the mean � S.D. cpm (5 mice per group). The experiment was performed
twice with comparable results. Figure 14(b): graphically illustrates the phenotype of B/c donor cells that repopulated
irradiated CB6F1 recipients treated with anti-NKG2D mAb or control Ig. Mice were treated as described in panel a,
with splenocytes harvested on day 8 post-transplantation, while cells were stained and data presented as described
for Figure 13.
Figure 15 illustrates the rejection of syngeneic BM cells expressing RAE-1. Figure 15(a) shows the expression of
RAE-1ε on bone marrow cells in RAE-1ε transgenic B6 mice. Freshly isolated bone marrow from wild-type B6 and
RAE-1ε transgenic B6 mice were stained with cIg or anti-pan-RAE-1 mAb. Figure 15(b) illustrates that B6 NK cells
kill syngeneic RAE-1ε transgenic BM cells in vitro. Freshly isolated BM from wild-type B6 and RAE-1ε transgenic
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B6 mice were used as targets in a standard in vitro cytotoxicity assay using IL-2-activated wild-type NK cells (B6
NK cells cultured for 7 days in 2000 U/ml recombinant human IL-2 from the National Cancer Institute Biological
Resources Branch Pre-clinical Repository) as effectors, in the presence of cIg or anti-NKG2D mAb (clone 191004)
used at 10 Pg/ml. Figure 15(c) illustrates that B6 mice reject syngeneic bone marrow expressing RAE-1ε. Approx-
imately 4x106 RAE-1ε transgenic B6 BM cells were transferred into irradiated B6 recipients. Recipient mice were
injected with 125IUdR on day 5, and spleens were harvested and counted on day 6. Black bars show 125IUdR uptake
of spleens in RAE-1ε transgenic BM -> B6 mice and white bars show uptake of radiolabel in wild-type B6 BM -> B6
recipients. Mice were treated with the non-depleting, neutralizing anti-NKG2D mAb or the NK cell-depleting anti-
NK1.1 mAb (200 Pg/mouse on day -2), as indicated. Results are shown as the mean � S.D. cpm (5 mice per group).
The experiment was performed twice with comparable results. Figure 15(d) illustrates that CB6F1 mice reject syn-
geneic bone marrow expressing RAE-1ε. Approximately 4x106 RAE-1ε transgenic CB6F1 BM cells were transferred
into irradiated CB6F1 recipients. Mice were injected with 125IUdR on day 5, and spleens were harvested and counted
on day 6. Black bars show 125IUdR uptake of spleens in RAE-1ε transgenic CB6F1 BM -> CB6F1 mice and white
bars show uptake of radiolabel in wild-type CB6F1 BM -> CB6F1 recipients. Mice were treated and data are shown
as described in panel c.
Figure 16(a) illustrates that DAP10-/- mice inefficiently reject syngeneic bone marrow expressing RAE-1ε. About
4x106 RAE-1ε transgenic B6 BM cells were transferred into irradiated recipients. Mice were injected with 125IUdR
on day 5 and spleens were harvested and counted on day 6. Black bars show 125IUdR uptake of spleens in RAE-
1ε transgenic B6 BM -> wild-type B6 mice and white bars show uptake of radiolabel in RAE-1ε transgenic B6 BM
-> DAP10-/- B6 recipients. Mice were treated with the non-depleting, neutralizing anti-NKG2D mAb or the NK cell-
depleting anti-NK1.1 mAb (200 Pg/mouse on day -2), as indicated. Results are the mean � S.D. cpm (5 mice per
group). Figure 16(b) illustrates that DAP12-/- mice (Bakker et al., Immunity, 13:345-353, 2000) reject syngeneic
bone marrow expressing RAE-1ε. About 4x106 RAE-1ε transgenic B6 BM cells were transferred into irradiated
recipients. Mice were injected with 125IUdR on day 5 and spleens were harvested and counted on day 6. Black bars
show 125IUdR uptake of spleens in RAE-1ε transgenic B6 BM -> wild-type B6 mice and white bars show uptake of
radiolabel in RAE-1ε transgenic B6 BM -> DAP12-/- B6 recipients. Mice were treated and results are shown as
described for panel a.
Figure 17(a) illustrates the modulation of NKG2D on NK cells in RAE-1ε transgenic B6 mice. Splenocytes from wild-
type and RAE-1ε transgenic B6 mice were stained with anti-pan-RAE-1 mAb (left panels) or anti-NKG2D and anti-
NK1.1 mAb (right panels). RAE-1 expression was analyzed on spleen cells, and NKG2D expression was analyzed
by gating on NK1.1+ cells. Thin lines show cells stained with cIg, while thick lines show RAE-1 or NKG2D specific
staining. Numbers represent the mean fluorescence (arbitrary linear units) of the stained cells. Figure 17(b) graph-
ically depicts that NKG2D-dependent cytotoxicity is impaired in RAE-1ε transgenic (Tg) NK cells. Enriched NK cells
were prepared from the spleens of wild-type or RAE-1ε Tg B6 mice that were IP-injected with polyI:C (100 Pg/
mouse) one day before harvest. Monoclonal antibody-dependent re-direct killing assays against CD32-transfected
721.221 target cells were performed as described (Lanier et al., J Immunol, 141:3478-3485, 1998) by using control
Ig (cIg), anti-NKG2D, or anti-NK1.1 mAbs. Figure 17(c): illustrates the modulation of NKG2D on wild-type NK cells
developing in RAE-1ε transgenic hosts. Ly 5.2 B6 BM cells (1x107/mouse) were transferred into irradiated wild-type
(WT) or RAE-1ε Tg B6 mice. Three months after transplantation, the expression level of NKG2D (left panels) and
NK1.1 (right panels) was analyzed on splenic NK cells (gated on CD3-, NK1.1+ lymphocytes). Thin lines show cells
stained with cIg, while thick lines show RAE-1 or NKG2D specific staining. Numbers represent the mean fluorescence
(arbitrary linear units) of the stained cells. Figure 17(d) graphically depicts NKG2D-dependent cytotoxicity ofNK cells
in Ly5.2 B6 BM -> RAE-1 Tg chimeric mice. Enriched NK cells were prepared from the spleens of Ly5.2 B6 BM ->
RAE-1 Tg and Ly5.2 B6 BM -> B6 mice IP-injected with polyI:C (100 Pg/mouse) one day before harvest. mAb-
dependent re-directed cytotoxicity assays were performed as described in panel b. Figure 17(e) illustrates that wild-
type NK cells developing in RAE-1 Tg mice demonstrate impaired NKG2D-dependent bone marrow rejection. Black
bars show 125IUdR uptake in spleens of RAE-1+ Tg BM cells -> chimeric mice (Ly5.2 B6 BM-> wild-type B6), and
white bars show uptake of radiolabel in spleens of RAE-1+ Tg BM cells -> chimeric mice (Ly5.2 B6 BM-> RAE-1 Tg
chimeric mice). Figure 17(f) illustrates that hybrid resistance in RAE-1ε transgenic CB6F1 mice is impaired. About
4x106 B/c BM cells were transferred into irradiated recipients. Recipient mice were injected with 125IUdR on day 5
and spleens were harvested and counted on day 6. Black bars show 125IUdR uptake of spleens in B/c BM -> wild-
type CB6F1 mice, white bars show uptake ofradiolabel in B/c BM -> RAE-1ε transgenic CB6F1 recipients, and gray
bars show CB6F1 BM ->CB6F1 mice. Mice were treated with the non-depleting, neutralizing anti-NKG2D mAb or
the NK cell-depleting anti-NK1.1 mAb (200 Pg/mouse on day -2), as indicated. Results are shown as the mean �
S.D. cpm (5 mice per group). The experiment was performed twice with comparable results.
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DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention is based, in part, on the surprising finding that modulation of NKG2D, an activating
receptor on CD8+ T cells, NK cells, and certain activated CD4+ T cells, is an effective means for preventing and/or
treating autoimmune and inflammatory syndromes. In one aspect, the present inventors have discovered agents and
methods for stimulating internalization of NKG2D and have identified such agents as useful therapeutic modalities for
treating syndromes associated with NKG2D activation. The agents and methods are particularly useful under conditions
(such as those believed to be present, e.g., in chronic inflammatory syndromes) in which natural soluble NKG2D ligands
are not able to stimulate internalization. The invention further encompasses any means for reducing the functional
expression of NKG2D in order to treat such inflammatory syndromes. In some embodiments, the methods and compo-
sitions of the invention affect only the subset of leukocytes that depend for their activation primarily on NKG2D.
[0023] The invention encompasses methods and compositions effective for treating or preventing a syndrome asso-
ciated with NKG2D-mediated activation of leukocytes. The methods are carried out by contacting leukocytes expressing
NKG2D with an agent that reduces NKG2D-mediated activation of the cells under conditions suitable for preventing or
treating the syndrome. The contacting may be carried out by any suitable method, including administering the agent or
a composition comprising the agent to a patient, or host comprising cells activated by NKG2D pathway(s) under conditions
allowing the delivery of the agent to the cells in the patient or host. NKG2D activation may be reduced according to the
invention by one or more of: (i) depleting the cell surface of NKG2D molecules pre-existing on the cell surface; (ii)
interfering with the functional interaction between NKG2D and DAP10 or otherwise blocking the signaling function of
NKG2D; and (iii) preventing NKG2D molecules from reaching the cell surface, including interfering with the production
of NKG2D at a transcriptional, translational, or post-translation level. In some embodiments, the invention encompasses
reducing pre-existing cell surface NKG2D molecules by stimulating their internalization without concurrently causing
significant activation that would trigger the effector functions of NKG2D-bearing leukocytes.
[0024] The terms "NKG2D," "NKG2-D," "D12S2489E," "KLRK1," and "killer cell lectin-like receptor subfamily K, mem-
ber 1," as used herein refer to a human killer cell activating receptor gene, cDNA (e.g., Homo sapiens - GENBANK
Accession No. NM_007360), and its gene product, as well as its mammalian counterparts, including wild type and mutant
products. A human NKG2D coding region is set forth as SEQ ID NO:3, and a human NKG2D protein sequence is set
forth as SEQ ID NO:4. Mammalian counterparts of NKG2D include but are not limited to mouse NKG2D (e.g., Mus
musculus - GENBANK Accession No. NM_033078), rat NKG2D (e.g., Rattus norvegicus - GENBANK Accession No.
NM_133512), pig NKG2D (e.g., Sus scrofa - GENBANK Accession No. AF285448), monkey NKG2D (e.g., Macaca
mulatta - GENBANK Accession No. AJ554302), and orangutan NKG2D (e.g., Pongo pygmaeus - GENBANK Accession
No. AF470403). Preferred embodiments of the present invention comprise NKG2D modulating agents such as NKG2D
antagonists and partial antagonists.
[0025] Unless otherwise stated, the methods of the invention can be practiced in the context of treating (e.g., reducing
the symptoms associated with and/or underlying conditions that are considered causative for a condition either in terms
of time such symptoms/conditions exist, spread of such conditions/symptoms, severity of such conditions/symptoms,
etc.) or preventing (e.g., reducing the likelihood of developing, delaying the onset of, delaying the severity of post-onset,
reducing the severity of upon onset, etc.) any type of inflammatory condition associated with NKG2D activity, such as
any inflammatory autoimmune disease associated with NKG2D activity. However, it will be recognized that such condi-
tions can vary significantly such that methods for treating various conditions also may be considered unique aspects of
the invention.

I. NKG2D-Modulating Agents

[0026] Unless otherwise stated or clearly implied by context, in practicing the invention, any agent that reduces NKG2D-
mediated cell activation may be used. Non-limiting examples of such agents include: an NKG2D ligand, or an NKG2D-
binding fragment, variant, or derivative thereof; an antibody, or a fragment, variant, or derivative thereof (such as, e.g.,
an NKG2D-binding antibody); a nucleic acid (or variant or derivative thereof), or a small molecule, that inhibits NKG2D
or DAP 10 production in a cell; peptides or small molecules that interfere with the formation or function of the NKG2D-
DAP10 complex; small molecules that alter NKG2D signal transduction, and combinations of any of the foregoing.
Exemplary NKG2D ligands can be found in, for instance, U.S. Patent No. 6,653,447; Carayannopoulos et al., J Immunol,
169(8):4079-83, 2002; Carayannopoulos et al., Eur J Immunol, 32(3):597-605, 2002; Sutherland et al., J Immunol, 168
(2):671-9, 2002; Sutherland et al., Immunol Rev, 181:185-92, 2001; and Cosman et al., Immunity, 14(2):123-33, 2001)
[0027] The invention encompasses agents that contact NKG2D-expressing cells from the exterior and reduce the
activation of NKG2D-bearing cells when they are subsequently exposed to NKG2D-ligand bearing cells or recombinant
NKG2D ligands. Any indicator of this activation may be monitored, including, without limitation, stimulation of DAP10
phosphorylation, stimulation of p85 PI3 kinase, activation of Akt, NKG2D-dependent production of interferon-gamma
(IFN-γ) or other cytokines or chemokines, NKG2D-dependent killing of NKG2D-ligand bearing target cells, and the like.
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One means of assessing the level of NKG2D activation is by measuring the human NK cell killing of NKG2D ligand-
bearing target cells (see, e.g., Example 1 below). In some embodiments of the invention, useful NKG2D-modulating
agents are those that cause at least about 20% reduction of NKG2D ligand-induced NKG2D activation in a model system
such as that described in Example 1; in other embodiments, the agent results in at least about 30%, 40%, 50%, 60%,
70%, 80%, 90%, or more reduction in ligand-induced NKG2D activation. For example, NKG2D ligand-induced activation
can be reduced by at least about 30% in the presence of the agent as compared to a control. The control may be, for
example, NKG2D-activation in the absence of the agent but under substantially identical conditions in either (a) an
individual, (b) a population of substantially similar organisms, using an average value as control, or (c) both. Another
means of assessing the level of NKG2D activation is by measuring IFN-γ production in the presence or absence of an
NKG2D ligand such as MICA or ULBP. Any method for measuring IFN-γ production may be used, including, without
limitation, immunoassays or other assays that measure IFN-γ protein; bioassays that measure IFN-γ activity, and the
like. In some embodiments of the invention, useful NKG2D-modulating agents are those that cause at least about 20%
reduction of NKG2D-mediated IFN-γ production; in other embodiments, the agent results in at least about 30%, 40%,
50%, 60%, 70%, 80%, 90%, or more reduction in NKG2D-mediated IFN-γ production.
[0028] In one series of embodiments, the NKG2D-modulating agents according to the invention stimulate cellular
internalization of NKG2D. Internalization may be assessed by any appropriate means, such as, e.g., by flow cytometry
(see, e.g., Example 2 below); immunofluorescence microscopy (including, monitoring internalization of an antibody by
confocal microscopy); binding assays that detect cell-surface NKG2D, and the like. In some embodiments of the invention,
useful NKG2D-modulating agents are those that cause at least about 10% reduction in the cell-surface level of NKG2D
or a 10% increase in the rate of disappearance of NKG2D from the cell surface, as compared to control when tested in
a model system such as that described in Example 2; in other embodiments, the agent results in at least about 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or >99% reduction in the cell-surface level or at least about 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% increase in the rate of disappearance of NKG2D.
[0029] Preferably, the NKG2D-modulating agents according to the invention do not result in significant cytolysis or
depletion of NKG2D-expressing cells, including, e.g., one or more of CD8+ T cells, CD4+ T cells, γδ-TcR+ T cells, and
CD56/16+ NK cells. The ability of an agent to kill NKG2D-expressing cells may be assessed using any appropriate
means, such as, e.g., by detection of dead cells by flow cytometry or microscopy using annexin V or propidium iodide
staining, incorporation of Trypan blue, europium assay or chromium release assay. In some embodiments of the invention,
useful NKG2D-modulating agents are those that exhibit a detectable therapeutic benefit under conditions that preserve
the viability at least about 90% of NKG2D-expressing cells. In other embodiments, the agent causes less than about
5%, 10%, 20% 30%, 40%, 50%, 60%, 70%, or 80% reduction in the number of NKG2D-expressing cells.
[0030] The following table contains non-limiting examples of characteristics of NKG2D-modulating agents according
to the invention.

Table 1. Characteristics of NKG2D-Modulating Agents
Stimulation of NKG2D 
internalization

NKG2D activation Depletion of NKG2D-expressing 
cells

(% reduction in NKG2D surface 
levels or % increase in rate of 
disappearance relative to control)

(% reduction in activation of NKG2D-
bearing cells after exposure to 
NKG2D-ligand bearing cells)

(% reduction in NKG2D-expressing 
cells relative to control)

20% 30% <5%
20 50 <5
20 70 <5
20 90 <5
20 70 10
20 70 20
20 70 30
20 70 50
40 30 <5
40 50 <5
40 70 <5
40 90 <5
40 70 10
40 70 20
40 70 30
40 70 50
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[0031] The present invention relates to the inability of natural soluble ligands of NKG2D (such as, e.g., MICA or ULBP)
to stimulate internalization of NKG2D in patients suffering from chronic inflammation in a manner similar to internalization
that might occur in individuals not suffering from chronic inflammation; without wishing to be bound by theory, it is believed
that this phenomenon results at least in part from the high levels of cytokines that accompany chronic inflammatory
states. (This phenomenon may be documented by comparing the NKG2D levels on T cells or NK cells in patients suffering
from chronic inflammation and in healthy patients; similar NKG2D levels in the two groups, notwithstanding the fact that
chronic inflammation is accompanied by high circulating levels of NKG2D ligands, reflect a defect in NKG2D internali-
zation). The present invention encompasses agents that stimulate the internalization of NKG2D under conditions in
which the natural soluble NKG2D ligands would not be effective or would be less effective in doing so, as well as the
use of such agents in the various inventive methods provided herein. Any suitable model system for examining this
effect may be used to demonstrate that particular agents possess or exhibit such characteristics, for instance by comparing
the effect on NKG2D internalization of a natural soluble ligand and a modulating agent according to the invention, under
conditions in which NKG2D-expressing cells are exposed to cytokines (including, without limitation, interleukin-2, inter-
leukin-15, tumor necrosis factor, or combinations of the foregoing) under conditions known to counteract the effect of
the natural soluble ligands on internalization. In some embodiments, the NKG2D-modulating agents of the invention can
cause a reduction in surface NKG2D levels that is at least 10% greater than the reduction in surface NKG2D levels
caused by a natural soluble NKG2D ligand, when internalization is measured under conditions (such as, e.g., in the
presence of one or more cytokines) that interfere with the ability of the natural soluble ligand to mediate internalization.
In other embodiments, the NKG2D-modulating agents are at least about 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, or >99% more effective than a natural soluble NKG2D ligand in mediating NKG2D internalization.

A. NKG2D Ligands

[0032] One type of NKG2D-modulating agent according to the invention encompasses NKG2D ligands. Typically,
such ligands exhibit some modification relative to the natural soluble NKG2D ligands (such as, e.g., soluble forms of
MICA, MICB, and ULBP) that renders them effective in stimulating NKG2D internalization under conditions in which the
natural soluble ligands are ineffective. For example, soluble forms of MICA and MICB proteins (i.e., lacking the trans-
membrane and cytoplasmic domains, see, e.g., U.S. Patent Application US2003/0165835, herein incorporated by ref-
erence), or fragments therefrom that retain NKG2D-binding activity, may be chemically cross-linked using conventional
methods to form multimeric NKG2D ligands that are capable of binding to more than one NKG2D molecule and thereby
stimulating internalization. NKG2D-binding activity may be assessed using any means, including, e.g., competitive bind-
ing, flow cytometry, and the like. In another series of embodiments, multimeric NKG2D ligands may be produced by
expression of nucleic acids encoding polypeptides having tandem repeats (separated by appropriate spacers) of NKG2D-
binding domains derived from MICA, MICB, or ULBP. In another series of embodiments, the ligands may incorporate
additional chemical groups, such as, e.g., polyethylene glycol (PEG).

B. Antibodies

[0033] The present invention encompasses the use of any antibodies that can be used to decrease NKG2D-mediated
activation, such as, e.g., those that stimulate internalization of NKG2D without significant activation via NKG2D-mediated
signaling pathways. Non-limiting examples of such antibodies include antibodies directed against any suitable extracel-

(continued)
Stimulation of NKG2D 
internalization

NKG2D activation Depletion of NKG2D-expressing 
cells

(% reduction in NKG2D surface 
levels or % increase in rate of 
disappearance relative to control)

(% reduction in activation of NKG2D-
bearing cells after exposure to 
NKG2D-ligand bearing cells)

(% reduction in NKG2D-expressing 
cells relative to control)

90 30 <5
90 50 <5
90 70 <5
90 90 <5
90 70 10
90 70 20
90 70 30
90 70 50
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lular or intramembrane epitope of NKG2D; antibodies directed against any suitable extracellular or intramembrane
epitope of DAP10; and antibodies directed against a soluble NKG2D ligand or an NKG2D-NKG2D ligand complex. Also
encompassed are bispecific antibodies, i.e., antibodies in which each of the two binding domains recognizes a different
binding epitope. The amino acid sequence of NKG2D is disclosed, e.g., in U.S. Patent No. 6,262,244, the amino acid
sequence of DAP10 is disclosed in Wu et al., Science 285:730, 1999, and the amino acid sequences of MICA and MICB
polypeptides are disclosed, e.g., in U.S. Patent Application US 2003/0165835, all herein incorporated by reference in
their entirety.
[0034] In general, the basic antibody structural unit is known to comprise a tetramer. Each tetramer includes two
identical pairs of polypeptide chains, each pair having one "light" (about 25 kDa) and one "heavy" chain (about 50-70
kDa). The amino-terminal portion of each chain may include a variable region of about 100 to 110 or more amino acids
primarily responsible for antigen recognition. The carboxy-terminal portion of each chain may define a constant region
primarily responsible for effector function.
[0035] Typically, human light chains are classified as kappa and lambda light chains. Furthermore, human heavy
chains are typically classified as mu, delta, gamma, alpha, or epsilon, and define the antibody’s isotype as IgM, IgD,
IgG, IgA, and IgE, respectively. Within light and heavy chains, the variable and constant regions are joined with a "J"
region of about 12 or more amino acids, with the heavy chain also including a "D" region of about 10 more amino acids.
See generally, Fundamental Immunology, Ch. 7 (Paul, ed., 2nd ed. Raven Press, NY, 1989).
[0036] The variable regions of each light/heavy chain pair typically form the antibody-binding site. Thus, in general,
an intact IgG antibody has two binding sites. Except in bifunctional or bispecific antibodies, the two binding sites are, in
general, the same. Normally, the chains all exhibit the same general structure of relatively conserved framework regions
(FR) joined by three hypervariable regions, also called complementarity determining regions or CDRs. The CDRs of the
heavy and light chains of each pair are usually brought into alignment by the framework regions, enabling binding to a
specific epitope. In general, from N-terminal to C-terminal, both light and heavy chains comprise the domains FR1,
CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment of amino acids to each domain is, generally, in accordance
with the definitions of Sequences of Proteins of Immunological Interest, Kabat et al., National Institutes of Health, Bethes-
da, MD, 5th ed., NIH Publ. No. 91-3242, 1991; Kabat, Adv Prot Chem, 32:1-75, 1978; Kabat et al., J Biol Chem, 252:
6609-6616, 1977; Chothia et al., J Mol Biol, 196:901-917, 1987; and Chothia et al., Nature, 342:878-883, 1989.
[0037] The antibodies of the present invention can encompass monoclonal antibodies, polyclonal antibodies, bispecific
antibodies, Fab antibody fragments, F(ab)2 antibody fragments, Fv antibody fragments (e.g., VH or VL), single chain Fv
antibody fragments and dsFv antibody fragments. Furthermore, the antibody molecules of the invention may be fully
human antibodies, humanized antibodies, or chimeric antibodies. In some embodiments, the antibody molecules are
monoclonal, fully human antibodies. Monoclonal antibodies encompass antibodies obtained from a population of sub-
stantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except for
possible naturally occurring mutations that may be present in minor amounts. Monoclonal antibodies are highly specific,
being directed against a single antigenic site. Monoclonal antibodies are advantageous in that they may be synthesized
by a hybridoma culture, essentially uncontaminated by other immunoglobulins. The modifier "monoclonal" indicates the
character of the antibody as being amongst a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method.
[0038] The antibodies of the present invention include any antibody variable region, mature or unprocessed linked to
any immunoglobulin constant region. If a light chain variable region is linked to a constant region, preferably it is a kappa
chain. If a heavy chain variable region is linked to a constant region, preferably it is a human gamma 1, gamma 2, gamma
3 or gamma 4 constant region, more preferably, gamma 1, gamma 2 or gamma 4 and even more preferably gamma 1
or gamma 4.
[0039] In some embodiments, fully human monoclonal antibodies directed against, e.g., NKG2D or DAP10 are gen-
erated using transgenic mice carrying parts of the human immune system rather than the mouse system. These transgenic
mice, which may be referred to, herein, as "HuMAb" mice, contain human immunoglobulin gene miniloci that encode
unrearranged human heavy (mu and gamma) and kappa light chain immunoglobulin sequences, together with targeted
mutations that inactivate the endogenous murine mu and kappa chain loci. Accordingly, the mice exhibit reduced ex-
pression of mouse IgM or kappa, and in response to immunization, the introduced human heavy and light chain transgenes
undergo class switching and somatic mutation to generate high affinity human IgG/kappa monoclonal antibodies. The
generation of fully human antibodies in HuMAb mice is commonly known in the art.
[0040] Monoclonal antibodies may be made using the hybridoma method first described by Kohler et al., Nature, 256:
495, 1975, or by other well-known, subsequently developed methods. In the hybridoma method, a mouse or other
appropriate host animal is immunized to elicit lymphocytes that produce or are capable of producing antibodies that will
specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes
then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell.
The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably contains one or
more substances that inhibit the growth or survival of the unfused, parental myeloma cells. For example, if the parental
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myeloma cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium
for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances
prevent the growth of HGPRT-deficient cells.
[0041] The culture medium in which hybridoma cells are grown is assayed for production of monoclonal antibodies
directed against the antigen. The binding specificity of monoclonal antibodies produced by hybridoma cells may be
determined by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA) or by immunofluorescence and flow cytometry or by western blot. After hybridoma
cells are identified that produce antibodies of the desired specificity, affinity, and/or activity, the clones may be subcloned
by limiting dilution procedures and grown by standard methods. Suitable culture media for this purpose include, for
example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown in vivo as ascites tumors in an
animal: The monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, ascites
fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose,
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography.
[0042] DNA encoding monoclonal antibodies or antibody fragments is readily isolated and sequenced using conven-
tional procedures. The hybridoma cells serve as a source of such DNA. Once isolated, the DNA may be placed into
expression vectors, which are then transfected into host cells such as E. coli cells, simian COS cells, human 293T cells,
Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain
the synthesis of monoclonal antibodies in the recombinant host cells.
[0043] Antibodies or antibody fragments can also be isolated from antibody phage libraries generated using well-
known techniques, with or without the use of chain shuffling as well as combinatorial infection and in vivo recombination
as a strategy for constructing very large phage libraries. Thus, these techniques are viable alternatives to traditional
monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies.
[0044] Minor variations in the amino acid sequences of antibodies or immunoglobulin molecules are encompassed
by the present invention, providing that the variations in the amino acid sequence maintain at least 75%, more preferably
at least 80%, 90%, 95%, and most preferably 99% of the sequence. In particular, conservative amino acid replacements
are contemplated. Conservative replacements are those that take place within a family of amino acids that are related
in their side chains. Whether an amino acid change results in a functional peptide can readily be determined by assaying
the specific activity of the polypeptide derivative. Fragments (or analogs) of antibodies or immunoglobulin molecules,
can be readily prepared by those of ordinary skill in the art. Preferred amino- and carboxy-termini of fragments or analogs
occur near boundaries of functional domains. Structural and functional domains can be identified by comparison of the
nucleotide and/or amino acid sequence data to public or proprietary sequence databases. Preferably, computerized
comparison methods are used to identify sequence motifs or predicted protein conformation domains that occur in other
proteins of known structure and/or function. Methods to identify protein sequences that fold into a known three-dimensional
structure are known. Sequence motifs and structural conformations may be used to define structural and functional
domains in accordance with the invention.
[0045] In some embodiments, amino acid substitutions are made that: (1) reduce susceptibility to proteolysis, (2)
reduce susceptibility to oxidation, (3) alter binding affinity for forming protein complexes, (4) alter binding affinities, and/or
(4) confer or modify other physicochemical or functional properties of such analogs.
[0046] In general, useful anti-NKG2D antibodies according to the present invention exhibit an affinity (Kd) for human
NKG2D that is at least equal to that of soluble NKG2D ligands. In some embodiments, the antibodies bind human NKG2D
with nanomolar affinity or, even more preferably, picomolar affinity. In some embodiments, the antibodies bind human
NKG2D with a Kd of less than about 100 nM, 50 nM, 20 nM, 20 nM, or 1 nM.
[0047] In some embodiments, useful antibodies include those that reduce the interaction between human NKG2D
and one or more of MICA, MICB, ULBP1, ULBP2, ULBP3, and ULBP4. Such blocking antibodies may be identified using
conventional competition assays.

C. Nucleic Acid Modulators

[0048] The present invention encompasses modulation of NKG2D cell surface expression at a transcriptional, trans-
lational, or post-translational level. In some embodiments, the modulators are nucleic-acid based, including, without
limitation, DNA, RNA, chimeric RNA/DNA, protein nucleic acid, and other nucleic acid derivatives.
[0049] In some embodiments, the NKG2D modulators encompass RNA molecules capable of inhibiting NKG2D pro-
duction when introduced into an NKG2D-expressing cell (termed RNAi), including short hairpin double-stranded RNA
(shRNA). Non-limiting examples of useful RNAi sequences for modulating NKG2D expression include those encoded
by the sequences 5’-GGATGGGACT AGTACACATT CC-3’ (SEQ ID NO:10); 5’-TGGCAGTGGG AAGATGGCTC C-3’
(SEQ ID NO:11); and 5’-CAGAAGGGAG ACTGTGCACT CTATGCCTC-3’ (SEQ ID NO:12). It will be understood that
any sequence capable of reducing the cell surface expression of NKG2D may be used in practicing the present invention.
[0050] Production of RNAi constructs can be carried out by chemical synthetic methods or by recombinant nucleic
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acid techniques. Endogenous RNA polymerase of the treated cell may mediate transcription in vivo, or cloned RNA
polymerase can be used for transcription in vitro. The RNAi constructs may include modifications to either the phosphate-
sugar backbone or the nucleoside, e.g., to reduce susceptibility to cellular nucleases, improve bioavailability, improve
formulation characteristics, and/or change other pharmacokinetic properties. For example, the phosphodiester linkages
of natural RNA may be modified to include at least one of a nitrogen heteroatom or a sulfur heteroatom. Modifications
in RNA structure may be tailored to allow specific genetic inhibition while avoiding a general response to dsRNA. Likewise,
bases may be modified to block the activity of adenosine deaminase. The RNAi construct may be produced enzymatically
or by partial/total organic synthesis, any modified ribonucleotide can be introduced by in vitro enzymatic or organic
synthesis.
[0051] Methods of chemically modifying RNA molecules can be adapted for modifying RNAi constructs (see, for
example, Heidenreich et al., Nucleic Acids Res, 25:776-780, 1977; Wilson et al., J Mol Recog, 7:89-98, 1994; Chen et
al., Nucleic Acids Res, 23:2661-2668, 1995; and Hirschbein et al., Antisense Nucleic Acid Drug Dev, 7:55-61, 1997).
For example, the backbone of an RNAi construct can be modified with phosphorothioates, phosphoramidate, phos-
phodithioates, chimeric methylphosphonate-phosphodiesters, peptide nucleic acids, 5-propynyl-pyrimidine containing
oligomers or sugar modifications (e.g., 2’-substituted ribonucleosides, a-configuration).
[0052] The double-stranded structure may be formed from a single self-complementary RNA strand or from two
complementary RNA strands. RNA duplex formation may be initiated either inside or outside the cell. The RNA may be
introduced in an amount that allows delivery of at least one copy per cell. Higher doses (e.g., at least 5, 10, 100, 500 or
1000 copies per cell) of double-stranded material may yield more effective inhibition, while lower doses may also be
useful for specific applications. Inhibition is sequence-specific in that nucleotide sequences corresponding to the duplex
region of the RNA are targeted for genetic inhibition.
[0053] In certain embodiments, the subject RNAi constructs are "small interfering RNAs" or "siRNAs." These nucleic
acids are about 19-30 nucleotides in length, such as, e.g., about 21-23 nucleotides in length, corresponding in length
to the fragments generated by nuclease "dicing" of longer double-stranded RNAs. The siRNAs are understood to recruit
nuclease complexes and guide the complexes to the target mRNA by pairing to the specific sequences. As a result, the
target mRNA is degraded by the nucleases in the protein complex. In a particular embodiment, the 21-23 nucleotides
siRNA molecules comprise a 3’ hydroxyl group.
[0054] siRNA for use in the present invention can be obtained using a number of techniques known to those of skill
in the art. For example, the siRNA can be chemically synthesized or recombinantly produced using methods known in
the art. For example, short sense and antisense RNA oligomers can be synthesized and annealed to form double-
stranded RNA structures with 2-nucleotide overhangs at each end (Caplen et al., Proc Natl Acad Sci USA, 98:9742-9747,
2001; and Elbashir et al., EMBO J, 20:6877-88, 2001). These double-stranded siRNA structures can then be directly
introduced to cells, either by passive uptake or by a delivery system of choice. In certain embodiments, the siRNA
constructs can be generated through the processing of longer double-stranded RNAs, for example, in the presence of
the enzyme dicer. In one embodiment, the Drosophila in vitro system is used. In this embodiment, dsRNA is combined
with a soluble extract derived from Drosophila embryo, thereby producing a combination. The combination is maintained
under conditions in which the dsRNA is processed to RNA molecules of about 21 to about 23 nucleotides.
[0055] siRNA molecules can be purified using conventional techniques. For example, gel electrophoresis can be used
to purify siRNAs. Alternatively, non-denaturing methods, such as non-denaturing column chromatography, can be used
to purify siRNA. In addition, chromatography (e.g., size exclusion chromatography), glycerol gradient centrifugation,
affinity purification with antibody can be used to purify siRNAs.
[0056] In some embodiments, a plasmid is used to deliver the double-stranded RNA, e.g., as a transcriptional product.
In such embodiments, the plasmid is designed to include a "coding sequence" for each of the sense and antisense
strands of the RNAi construct. The coding sequences can be the same sequence, e.g., flanked by inverted promoters,
or can be two separate sequences each under transcriptional control of separate promoters. After the coding sequence
is transcribed, the complementary RNA transcripts base-pair to form the double-stranded RNA. PCT application
WO01/77350 describes an exemplary vector for bidirectional transcription of a transgene to yield both sense and anti-
sense RNA transcripts of the same transgene in a eukaryotic cell.

II. Methods of Treatment

[0057] The present invention provides methods for preventing and/or treating inflammatory diseases, including various
inflammatory autoimmune disorders and syndromes associated with NKG2D activation. Such syndromes, include, but
are not limited to, clinical situations in which induction of stress-related NKG2D ligands (e.g., MICA, MICB, and ULBPs)
results in excessive activation and/or expansion of autoreactive T cells and/or NK cells, which may be reflected in
increased levels of cytokines such as IL-2, TNF-α, and IL-15.
[0058] Accordingly, in a particular aspect, the invention provides a method for treating and/or preventing rheumatoid
arthritis (RA). The method comprises delivering an effective amount of an agent that reduces ligand-induced NKG2D
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activation to a patient having RA or being identified/diagnosed as being at substantial risk of developing RA, such that
RA is treated or prevented. In a particular aspect, the inventive RA treatment/prevention method is practiced by use of
a monoclonal antibody or monoclonal antibody fragment "against" (i.e., that is "specific for" or that "specifically binds to"
or that "preferentially binds to") NKG2D. In one aspect, the agent (e.g., an anti-NKG2D mAb or mAb fragment) is an
agent that is demonstrated to be effective in ameliorating RA in an acceptable model of RA, such as is described in US
Patent No. 6,414,218 and US Patent Publication No. 20030005469 (related principles and models are described in, e.g.,
Wooley, P. H., Animal Models of Arthritis, eds. J. H. Klippel and P. A. Dieppe, Mosby Publishers (London), 1998; Erning
et al., Arthritis Res, 4 Suppl 3:S133-40, 2002; Holmdahl et al., Ageing Res Rev, 1(1):135-47, 2002; Anthony et al., Clin
Exp Rheumatol, 17(2):240-4,1999; Durie et al., Clin Immunol Immunopathol, 73(1):11-8, 1994; and Muller-Ladner et al.,
Drugs Today (Barc), 35(4-5):379-88, 1999). In a further aspect, the agent is an antibody that is capable of detectably
reducing ligand-induced NKG2D activation of NKG2D-expression leukocytes and/or impairing expansion of NKG2D+ T
cells or NK cells (e.g., impairing the expansion and/or function of autoreactive CD8+ T cells) (in contrast to, e.g., at least
some of the antibodies described in US Patent Publication No. 20040115198), without significantly depleting such cells
(e.g., causing a reduction of about 10% or less of such cells as compared to a suitable control). In one aspect, the
method results in a modulation of one or more biomarkers in a manner consistent with the treatment or prevention (as
applicable) of RA (e.g., serum IL-6, TNF R, IL-2R, shed CD4, shed CD8, and/or C reactive protein). In another aspect,
the practice of the method results in a detectable reduction of synovial inflammation in the peripheral joints of the patient/
host. In one aspect, the method results in preventing radiographic deterioration and improving physical function in the
patient or host as exhibited by, e.g., a reduction in radiographic progression in the patient or host, reduction in swollen
and tender joints (as determined by acceptable analytical criteria), and/or significantly improved quality of life (e.g., as
determined by a reduction in disability scores on the RA Health Assessment Questionnaire).
[0059] In another particular exemplary aspect, the invention provides a method for treating and/or preventing multiple
sclerosis (MS). The method comprises delivering an effective amount of an agent that reduces ligand-induced NKG2D
activation to a human patient or mammalian host having MS or being identified/diagnosed as being at substantial risk
of developing MS, such that MS is treated or prevented in the patient or host. In a particular aspect, the inventive MS
treatment/prevention method is practiced by use of a monoclonal antibody or monoclonal antibody fragment against
NKG2D (an "anti-NKG2D antibody"). In a more particular aspect, the agent is an anti-NKG2D monoclonal antibody that
is capable of detectably reducing ligand-induced NKG2D activation of NKG2D-expression leukocytes and/or impairing
expansion of NKG2D+ T cells or NK cells, without significantly depleting such cells.
[0060] In yet another exemplary aspect, the invention provides a method for treating and/or preventing inflammatory
bowel disease (IBD), such as Crohn’s disease or ulcerative colitis. The method comprises delivering an effective amount
of an agent that reduces ligand-induced NKG2D activation to a human patient or mammalian host having IBD or being
identified/diagnosed as being at substantial risk of developing IBD, such that IBD is treated or prevented in the patient
or host. In a particular aspect, the inventive IBD treatment/prevention method is practiced by use of a monoclonal antibody
or monoclonal antibody fragment against NKG2D. In a more particular aspect, the agent is an anti-NKG2D monoclonal
antibody that is capable of detectably reducing ligand-induced NKG2D activation of NKG2D-expressing leukocytes
and/or impairing expansion of NKG2D+ T cells or NK cells, without significantly depleting such cells.
[0061] In another facet, the invention provides a method for treating and/or preventing psoriasis. The method comprises
delivering an effective amount of an agent that reduces ligand-induced NKG2D activation to a human patient or mam-
malian host having psoriasis or being identified/diagnosed as being at substantial risk of developing psoriasis, such that
psoriasis is treated or prevented in the patient or host. Typically, the method is carried out by delivery of an effective
amount of a monoclonal antibody or monoclonal antibody fragment against NKG2D to the patient. In a more particular
aspect, the agent is an anti-NKG2D monoclonal antibody that is capable of detectably reducing ligand-induced NKG2D
activation of NKG2D-expressing leukocytes and/or impairing expansion of NKG2D+ T cells or NK cells, without signifi-
cantly depleting such cells.
[0062] In yet another facet, the invention provides methods of reducing the likelihood of transplant rejection (or reducing
the severity or time to onset of a transplant rejection-related condition). The method comprises delivering (e.g., admin-
istering directly or administering by way of a composition comprising, a nucleic acid encoding, etc.) an effective amount
of an agent that reduces ligand-induced NKG2D activation to a human patient or mammalian host that is about to be,
is, or recently was the recipient of a tissue/organ transplant, such that the likelihood of rejection is detectably reduced
(e.g., as compared to a control). In a particular aspect, the method is practiced by delivery of an anti-NKG2D mAb or
anti-NKG2D mAb fragment. In a more particular aspect, the agent is an anti-NKG2D mAb or fragment that is capable
of detectably reducing ligand-induced NKG2D activation of NKG2D-expression leukocytes and/or impairing expansion
of NKG2D+ T cells or NK cells, without significantly depleting such cells.
[0063] In another aspect, an agent according to the invention, such as an anti-NKG2D mAb or anti-NKG2D mAb
fragment, is delivered to a patient or host suffering from or at substantial risk of developing type I diabetes mellitus in
an amount and under conditions sufficient to treat or prevent the condition in the patient or host.
[0064] The inventive method can similarly be applied to a variety of other autoimmune diseases and inflammatory
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conditions associated with NKG2D, including systemic lupus erythematosus, Hashimoto’s thyroiditis, myasthenia gravis,
Guillain-Barré syndrome, autoimmune uveitis, primary biliary cirrhosis, autoimmune hepatitis, autoimmune hemolytic
anemia, pernicious anemia, autoimmune thrombocytopenia, Grave’s disease, autoimmune oophoritis, autoimmune or-
chitis, temporal arteritis, anti-phospholipid syndrome, Wegener’s granulomatosis, Behcet’s disease, scleroderma, pol-
ymyositis, dermatomyositis, ankylosing spondylitis, Sjogren’s syndrome, dermatitis herpetiformis, pemphigus vulgaris,
vitiligo, psoriatic arthritis, osteoarthritis, steroid-resistant asthma, chronic obstructive pulmonary disease, and athero-
sclerosis. In some preferred embodiments, the transplant is a bone marrow (BM) or peripheral blood stem cell (PBSM)
transplant. In some embodiments, the BMT or PBSCT transplant is administered as treatment of leukemia or lymphoma,
while in other embodiments, the transplant is administered as treatment for other types of cancers such as neuroblastoma
or multiple myeloma.
[0065] In practicing the present invention, an NKG2D modulator may be administered to a patient as a single dose
comprising a single-dose-effective amount for preventing or treating an inflammatory or autoimmune syndrome, or in a
staged series of doses, which together comprise an effective amount for preventing or treating the syndrome. An effective
amount of an NKG2D modulator refers to the amount of the modulator which, when administered in a single dose or in
the aggregate of multiple doses, or as part of any other type of defined treatment regimen, produces a measurable
statistical improvement in outcome, as evidenced by at least one clinical parameter associated with the syndrome. An
effective amount of an NKG2D modulator may slow the progression of a disease when compared with patients not
receiving the NKG2D modulator.
[0066] It will be understood that the effective amount of the NKG2D modulator, as well as the overall dosage regimen,
may vary according to the disease and the patient’s clinical status, which, in turn, may be reflected in one or more clinical
parameters such as clinically accepted disease scores. For example, for rheumatoid arthritis, the severity of disease
and/or outcome of treatment, may be evaluated by monitoring number of swollen joints; pain; mobility; and/or the official
disease score ACR 20/50 or 70. For Type 1 diabetes, severity of disease and/or outcome of treatment may be evaluated
by measuring blood glucose levels or variations thereof, Hb1C levels, and the like. For multiple sclerosis, brain inflam-
mation can be assessed through scanning the brain. For hematopoietic transplant rejection, severity of the disease
(failure to engraft) and/or outcome of treatment may be evaluated by evidence of prolonged neutropenia, thrombocyto-
penia, and red-cell transfusion dependence in patients that have undergone myeloablative conditioning, and by failure
to observe chimerism in patients that have undergone non-myeloablative conditioning. In general, detectable effects on
treatment outcome using the methods and compositions of the present invention include a decrease in the necessity
for other treatments (including, e.g., a decrease in the amount and/or duration of other drugs or treatments), a decrease
in number and/or duration of hospital stays, a decrease in lost work days due to illness, and the like. It will be further
understood that the effective amount may be determined by those of ordinary skill in the art by routine experimentation,
by constructing a matrix of values and testing different points in the matrix.
[0067] The present invention encompasses combined administration of one or more additional agents in concert with
an NKG2D modulator. It will be understood that, in embodiments comprising administration of combinations of an NKG2D
modulator with other agents, the dosage of the NKG2D modulator may on its own comprise an effective amount and
additional agent(s) may further augment the therapeutic benefit to the patient. Alternatively, the combination of the
NKG2D modulator and the second agent may together comprise an effective amount for preventing or treating the
syndrome. It will also be understood that effective amounts may be defined in the context of particular treatment regimens,
including, e.g., timing and number of administrations, modes of administrations, formulations, etc.
[0068] In some embodiments in which the NKG2D-associated syndrome is Type 1 diabetes, the additional agent
encompasses one or more of an agent that promotes the growth of pancreatic beta-cells or enhances beta-cell trans-
plantation, such as, e.g., beta cell growth or survival factors or immunomodulatory antibodies. In some embodiments in
which the NKG2D-associated syndrome is rheumatoid arthritis, the additional agent is one or more of methotrexate; an
anti-TNF-α antibody; a TNF-α, receptor-Ig fusion protein, an anti-IL-15 antibody, a non-steroidal anti-inflammatory drug
(NSAID), and a disease-modifying anti-rheumatic drug (DMARD). For example, the additional agent may be a biological
agent such as an anti-TNF agent (e.g., ENBREL®), infliximab (REMICADE®) and adalimumab (HUMIRA®) or rituximab
(RITUXAN®). In some embodiments in which the NKG2D-associated syndrome is hematopoietic transplant rejection,
hematopoietic growth factor(s) (e.g., erythropoietin, G-CSF, GM-CSF, IL-3, IL-11, thrombopoietin, etc.) or antimicrobial
(s) (e.g., antibiotic, antiviral, antifungal) may be administered as an adjunct therapy. In some embodiments in which the
NKG2D-associated syndrome is psoriasis, the additional agent is one or more of tar and derivatives thereof, phototherapy,
corticosteroids, Cyclosporine A, vitamin D analogs, methotrexate, p38 mitogen-activated protein kinase (MAPK) inhib-
itors, as well as biologic agents such as anti-TNF-alpha agents and RITUXAN®. In some embodiments in which the
NKG2D-associated syndrome is an inflammatory bowel disease (IBD) such as, for example, Crohn’s Disease or ulcerative
colitis, the additional agent is one or more of aminosalicylates, corticosteroids, immunomodulators, antibiotics, or biologic
agents such as REMICADE® and HUMIRA®.
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III. Pharmaceutical Formulations and Modes of Administration

[0069] The present invention encompasses pharmaceutical formulations comprising NKG2D modulators, which may
also comprise one or more pharmaceutically acceptable carriers. Pharmaceutically acceptable carriers include any and
all suitable solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents, and the like that are physiologically compatible with an NKG2D modulator or related composition or combination
provided by the invention. Examples of pharmaceutically acceptable carriers include one or more of water, saline,
phosphate buffered saline, dextrose, glycerol, ethanol and the like, as well as combinations thereof. In many cases, it
can be desirable to include isotonic agents, for example, sugars, polyalcohols such as mannitol or sorbitol, or sodium
chloride in such a composition. Pharmaceutically acceptable substances also minor amounts of auxiliary substances
such as wetting agents or emulsifying agents, preservatives or buffers, which desirably can enhance the shelf life or
effectiveness of the NKG2D modulator, related composition, or combination. Suitability for carriers and other components
of pharmaceutical compositions is determined based on the lack of significant negative impact on the desired biological
properties of the NKG2D modulator, related composition, or combination.
[0070] NKG2D modulator compositions, related compositions, and combinations according to the invention may be
in a variety of suitable forms. Such forms include, for example, liquid, semi-solid and solid dosage forms, such as liquid
solutions (e.g., injectable and infusible solutions), dispersions or suspensions, emulsions, microemulsions, tablets, pills,
powders, liposomes, dendrimers and other nanoparticles (see, e.g., Baek et al., Methods Enzymol. 362:240-9, 2003;
and Nigavekar et al., Pharm Res, 21:476-83, 2004), microparticles, and suppositories. The optimal form depends on
the intended mode of administration, the nature of the composition or combination, and the therapeutic application.
Formulations also can include, for example, powders, pastes, ointments, jellies, axes, oils, lipids, lipid (cationic or anionic)
containing vesicles, DNA conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil emulsions, emulsions
carbowax (polyethylene glycols of various molecular weights), semi-solid gels, and semi-solid mixtures containing car-
bowax. Any of the foregoing mixtures may be appropriate in treatments and therapies in accordance with the present
invention, provided that the active ingredient in the formulation is not inactivated by the formulation and the formulation
is physiologically compatible and tolerable with the route of administration. See also, e.g., Powell et al. "Compendium
of excipients for parenteral formulations" PDA JPharm Sci Technol, 52:238-311, 1998, and the citations therein for
additional information related to excipients and carriers well known to pharmaceutical chemists.
[0071] NKG2D modulator compositions also include compositions comprising any suitable combination of a NKG2D
modulator peptide and a suitable salt thereof. Any suitable salt, such as an alkaline earth metal salt in any suitable form
(e.g., a buffer salt), can be used in the stabilization of NKG2D modulators (preferably the amount of salt is such that
oxidation and/or precipitation of the NKG2D modulator is avoided). Suitable salts typically include sodium chloride,
sodium succinate, sodium sulfate, potassium chloride, magnesium chloride, magnesium sulfate, and calcium chloride.
Compositions comprising a base and NKG2D modulators also are provided. In other aspects, the invention provides a
NKG2D modulator composition that lacks a tonicifying amount of any salt.
[0072] A composition for pharmaceutical use also can include diluents, fillers, salts, buffers, detergents (e.g., a nonionic
detergent, such as Tween-80), stabilizers (e.g., sugars or protein-free amino acids), preservatives, tissue fixatives,
solubilizers, and/or other materials suitable for inclusion in a pharmaceutically composition. Examples of suitable com-
ponents also are described in, e.g., Berge et al., J Pharm Sci, 6661:1-19, 1977; Wang and Hanson, J Parenteral Sci
Tech, 42:S4-S6, 1988, U.S. Patent Nos. 6,165,779 and 6,225, 289; and other documents cited herein. Such a pharma-
ceutical composition also can include preservatives, antioxidants, or other additives known to those of skill in the art.
Additional pharmaceutically acceptable carriers are known in the art and described in, e.g., Urquhart et al., Lancet, 16:
367, 1980; Lieberman et al., PHARMACEUTICAL DOSAGE FORMS-DISPERSE SYSTEMS, 2nd ed., vol. 3, 1998;
Ansel et al., PHARMACEUTICAL DOSAGE FORMS & DRUG DELIVERY SYSTEMS, 7th ed., 2000; Martindale, THE
EXTRA PHARMACOPEIA, 31 st ed.; Remington’s PHARMACEUTICAL SCIENCES, 16th-20th editions; THE PHAR-
MACOLOGICAL BASIS OF THERAPEUTICS, Goodman and Gilman, eds., 9th ed., 1996; Wilson and Gisvolds’ TEXT-
BOOK OF ORGANIC MEDICINAL AND PHARMACEUTICAL CHEMISTRY, Delgado and Remers, eds., 10th ed., 1998;
and U.S. Patent Nos. 5,708,025 and 5,994,106. Principles of formulating pharmaceutically acceptable compositions
also are described in, e.g., Platt, Clin Lab Med, 7:289-99, 1987; Aulton, PHARMACEUTICS: THE SCIENCE OF DOSAGE
FORM DESIGN, Churchill Livingstone, NY, 1988; EXTEMPORANEOUS ORAL LIQUID DOSAGE PREPARATIONS,
CSHP, 1998, and "Drug Dosage," J Kans Med Soc, 70(I):30-32, 1969. Additional pharmaceutically acceptable carriers
particularly suitable for administration of vectors are described in, for example, International Patent Application WO
98/32859.
In one exemplary aspect, the active compound or combination is prepared with a carrier that will protect the compound
against rapid release, such as a controlled release formulation, including implants, transdermal patches, and microen-
capsulated delivery systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of
such formulations are patented or generally known to those skilled in the art. See, e.g., SUSTAINED AND CONTROLLED
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RELEASE DRUG DELIVERY SYSTEMS, J.R. Robinson, ed., Marcel Dekker, Inc., NY, 1978.
[0073] In another aspect, compositions of the invention intended for oral administration, for example, may be formulated
with an inert diluent or an assimilable edible carrier. The compound (and other ingredients, if desired) may also be
enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or incorporated directly into the subject’s diet.
For oral therapeutic administration, the compounds may be incorporated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. To administer a compound
of the invention by other than parenteral administration, it may be necessary to coat the compound with, or co-administer
the compound with, a material to prevent its inactivation.
[0074] Another aspect of the present invention provides a kit comprising a NKG2D modulator, related composition,
or combination, pharmaceutically carrier, and optionally other pharmaceutical composition components. A kit may include,
in addition to the NKG2D modulator, diagnostic or therapeutic agents. A kit may also include instructions for use in a
diagnostic or therapeutic method. In one series of embodiments, the kit includes a NKG2D modulator, related compound,
or combination composition in a highly stable form (such as in a lyophilized form) in combination with pharmaceutically
acceptable carrier(s) that can be mixed with the highly stabile composition to form an injectable composition.
[0075] NKG2D modulator compositions, related compositions, and combination compositions can be administered
via any suitable route, such as an oral, mucosal, buccal, intranasal, inhalable, intravenous, subcutaneous, intramuscular,
parenteral, intertumor, intratumor, or topical route. They may also be administered continuously via a minipump or other
suitable device. The antibody or other NKG2D modulator generally will be administered for as long as the disease
condition is present, provided that the antibody causes the condition to stop worsening or to improve. The antibody or
other NKG2D modulator will generally be administered as part of a pharmaceutically acceptable composition as described
elsewhere herein. The antibody may be administered by any suitable route, but typically is administered parenterally in
dosage unit formulations containing conventional pharmaceutically acceptable carriers, adjuvants, and the like (stabi-
lizers, disintegrating agents, anti-oxidants, etc.). The term "parenteral" as used herein includes, subcutaneous, intrave-
nous, intraarterial, intramuscular, intrasternal, intratendinous, intraspinal, intracranial, intrathoracic, infusion techniques
and intraperitoneal delivery. Most commonly, an antibody will be administered intravenously or subcutaneously. Routes
of injection also include injection into the muscle (intramuscular, IM); injection under the skin (subcutaneous, SC);
injection into a vein (intravenous, IV); injection into the abdominal cavity (intraperitoneal, IP); and other delivery into/
through the skin (intradermal, ID, usually by multiple injections).
[0076] The invention further provides method of promoting the sale and/or use of a compound according to any of the
preceding aspects, or otherwise described herein, comprising distributing information (e.g., by printed materials that are
handed out, mailed, etc.; by advertising signage; by television programs and advertisements; by radio programs and
advertisements; by internet site postings; by email; by telemarketing; by door-to-door or person-to-person marketing;
by funding and/or hosting conferences, panels, forums, etc. by employing and/or contracting for the services of sales-
people and/or medical/scientific liaisons, by funding and/or hosting scientific research and publications related to such
uses, etc.) related to the use of the compound in the prevention or treatment of any condition or combination of conditions
recited in any of the foregoing aspects or described elsewhere herein to any persons or entities of potential interest (e.g.,
pharmaceutical chains, formulary managers, insurance companies, HMOs, hospitals and hospital chains, other health
care companies, pharmacy benefit managers, potential patients, patients in remission, primary care physicians, nurses,
doctors of pharmacy, and/or key opinion leaders).
[0077] The following examples are provided in order to demonstrate and further illustrate certain preferred embodiments
and aspects of the present invention and are not to be construed as limiting the scope thereof.

Example 1

Assay for NKG2D Activation

[0078] IL-2 activated human NK cells are co-cultured with an appropriate 51Cr-labeled target cell culture, such as
mouse Ba/F3 cells that have been transfected with cDNA encoding human MICA under conditions in which the MICA
polypeptide is expressed; and, as control cells, the same target cells that have not been transfected. Release of 51Cr is
monitored to indicate cell lysis. Lysis of MICA-expressing cells by the activated NK cells at levels above controls indicates
NKG2D-specific activation.
[0079] To screen for NKG2D modulators, the activated NK cells are incubated with candidate agents prior to exposure
to the 51Cr-labeled target cells. Compounds that significantly decrease killing of the NKG2D ligand-bearing target cells
are identified and evaluated further.
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Example 2

Assay for NKG2D Internalization

[0080] Cells expressing human NKG2D are cultured at 37°C for one or more hours in the presence of a biotin-labeled
anti-NKG2D antibody. As a control, the NKG2D+ cells are cultured with the biotin-labeled anti-NKG2D at 4°C in the
presence of 0.05% sodium azide to prevent internalization. The cells are washed to remove excess antibody, and then
stained with a fluorescent dye-labeled streptavidin to detect the biotin-conjugated NKG2D antibody. Internalization is
then evaluated by fluorescent microscopy or flow cytometry. A decrease in the amount of NKG2D on the cell surface
after culture with the biotin-labeled anti-NKG2D antibody at 37°C compared with the cells incubated with the biotin-
labeled anti-NKG2D antibody at 4°C is one indicator of internalization. This may be further verified by fixation and
permeabilization of the cells and staining with a fluorescent dye-labeled second step antibody that will detect the primary
anti-NKG2D antibody. If internalized, the second step antibody will detect the primary anti-NKG2D antibody inside of
the cells cultured at 37°C, as visualized by fluorescent microscopy.

Example 3

NKG2D Blockage Prevents Autoimmune Diabetes in Mice

[0081] The following experiments were performed to test the effect of NKG2D blockade on development of Type I
diabetes in an animal model system, the NOD mouse (Ogasawara et al., Immunity, 20:757-767, 2004).

Mice, Reagents, Cytokines and Antibodies

[0082] NOD mice were purchased from Taconic (Germantown, NY). NOD.scid mice were purchased from the Jackson
Laboratory (Bar Harbor, ME). 8.3 TcR-transgenic NOD mice have been described (Verdaguer et al., J Exp Med, 186:
1663-1676, 1997). All mice were maintained under specific pathogen-free conditions in the UCSF animal facility and
experiments were performed according to the guidelines of the UCSF Committee on Animal Research. Diabetes was
diagnosed when the blood glucose level was greater than 300 mg/dL on two consecutive measurements. The blood
glucose levels were measured by using a blood glucose monitor (Walgreen’s, Deerfield, IL).
[0083] Anti-mouse NKG2D mAb, clones CX5 and CX6 (rat IgG1 isotype), were generated as described (Ogasawara
et al., Immunity, 18:41-51, 2003) and anti-mouse NKG2D mAb clone 191004 (rat IgG2a isotype) was obtained from
R&D Systems (Minneapolis, MN). All anti-NKG2D mAbs recognize the NKG2D extracellular domain and efficiently block
the binding of NKG2D to its ligands. For in vivo injection, a purified CX5 antibody that did not contain detectable endotoxin
(<0.3 pg/injection) was utilized. Control rat IgG was purchased from Sigma (St. Louis, MO). Anti-mouse pan RAE-1 mAb
(clone 186107, rat IgG2b isotype) binds to RAE-1α, β, γ, δ, and ε. NRP-V7/H-2Kd and TUM/H-2Kd (control) tetramers
were produced as described (Amrani et al., Nature, 406:739-742, 2000) or from the NIH Tetramer Facility (Atlanta, GA).
TUM/ H-2Kd tetramer did not bind to NRP-V7/ H-2Kd tetramer-positive cells. Other antibodies were purchased from BD
PharMingen or eBioscience (San Diego, CA).

Preparation of Islets Cells From the Pancreas

[0084] The mouse islets were isolated as follows. Briefly, 0.3 mg/ml collagenase P (Roche Molecular Biochemicals,
Indianapolis, IN) was injected into the pancreatic duct. The distended pancreases were removed and incubated at 37°C
for 13-17 min. The islets were purified by centrifugation on Eurocollin-Ficoll gradients that comprised four different
densities (1.108, 1.096, 1.069, and 1.037). After centrifugation, the tissue fragments at 1.069/1.096 were collected and
washed. Thereafter, to obtain single cells, islets cells were dissociated by non-enzymatic cell dissociation solution (Sigma,
St. Louis, MO).

Immunofluorescence, Flow Cytometry and Microscopy

[0085] For detection of NKG2D, cells (∼1x106) were stained with 0.25 Pg biotinylated or PE-labeled anti-NKG2D mAb
(clone 191004). Cells were co-stained with FITC-conjugated anti-CD8, APC-conjugated anti-CD8, FITC-conjugated anti-
CD44, or FITC-conjugated anti-Ly-6C. To detect RAE-1, cells were stained with a biotinylated anti-pan RAE-1 mAb that
recognizes all five known RAE-1 proteins (Lodoen et al., J Exp Med, 197:1245-1253, 2003) or anti-RAE-1mAb (clone
CX1) (Ogasawara et al., supra, 2003). PE-conjugated streptavidin or APC-conjugated streptavidin was used to detect
biotinylated mAbs. The cells were incubated with mAbs for 20 min and washed with PBS containing 0.01% NaN3. Cells
were analyzed by using a FACSCalibur (Becton Dickinson, San Jose, CA) or a small desktop Guava® Personal Cytometer
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with Guava ViaCount™ and Guava Express™ software (Hayward, CA). Viable lymphocyte populations were gated
based on forward and side scatter profiles and by lack of propidium iodide staining. For immunohistochemistry, organs
were snap frozen in OCT media and sections were prepared and stained by conventional techniques. The images were
acquired using a Deltavision microscope (Applied Precision, Issaquah, WH) and the computational deconvolution was
carried out using softWoRx software (Applied Precision).

Quantitative RT-PCR

[0086] Quantitative (real-time) PCR was carried out using an ABI 7700 (Applied Biosystems) instrument, according
to the manufacturer’s instructions. Probes were purchased from Applied Biosystems. RAE-1 specific probes and primers
were described previously (Ogasawara et al., supra, 2003). The universal primers used to detect all known RAE-1
transcripts were: sense, 5’-ctagtgccac ctgggaattc a-3’ (SEQ ID NO:6); anti-sense 5’-catcattagc tgatctccag ctca-3’ (SEQ
ID NO:7), and the probe was 5’-6-FAM-catcagtgac agttacttct tcaccttcta cacagaga-Tamra-3’ (SEQ ID NO:8). Total RNA
was treated with DNase I, and then first-strand cDNA was synthesized using random hexamer primers. The cycling
conditions for real-time PCR were: 50°C for 10 min, followed by 50 cycles at 95°C for 30 sec, and 60°C for 2 min. Data
were analyzed by using the Sequence Detector v1.7 Analysis Software (Applied Biosystems). Statistical analysis was
performed using a two-sample t-test.

Adoptive Transfer Studies - NOD T cells Transferred Into NOD.scid Mice

[0087] T cells were isolated from spleens and lymph nodes of diabetic 16-week old NOD mice by magnetic cell sorting
using MACS (Miltenyi Biotec Inc., Germany). T cells (purity >98%) were enriched by negative selection with depletion
of CD19+, CD24+, and MHC class II+ cells. About 7.5 x106 T cells were transferred into 4-5 week-old NOD.scid mice by
injection into the tail vain. Blood glucose levels in adoptively transferred mice were examined weekly.

Adoptive Transfer Studies - 8.3 TcR-transgenic T cells into NOD mice

[0088] Adoptive T cell transfer was performed as previously described (Serra et al., Proc Natl Acad Sci USA, 99:
15566-15571, 2002). Briefly, 8.3 TcR-transgenic lymphocytes were isolated from the lymph nodes and spleens. T cells
(purity >95 %) were enriched by negative selection by magnetic sorting using a MACS. Approximately 1 x 107 T cells
labeled with CFSE (5 PM) were transferred into 10 week-old NOD mice by injection in the tail vain on day 0. Anti-NKG2D
mAb (CX5) or cIg (200 Pg/injection) was injected into the recipient NOD mice on days -1, +1 and +5.

Expression of RAE-1 in the pancreas of pre-diabetic NOD mice

[0089] To investigate whether interactions between NKG2D and RAE-1 are involved in the development of autoimmune
diabetes, a quantitative RT-PCR assay was developed to detect transcripts of all known RAE-1 genes. Abundant RAE-
1 transcripts were detected in the pancreases of late stage pre-diabetic NOD mice (12-16 weeks-old), but not in the
pancreases of age-matched BALB/c mice (Fig. 1a). Although comparatively less pronounced, RAE-1 transcripts were
also detected in the pancreases of 4-6 week-old NOD mice. RAE-1 was also detected in the pancreases of adult NOD.scid
mice (that lack B and T cells) (Fig. 1b). Together, these results indicated that RAE expression is independent of an
ongoing autoimmune response. To examine whether RAE-1 is selectively up regulated in the pancreas with age, the
levels of RAE-1 transcripts in a particular organ from young NOD mice were compared with those in the same organ in
late-stage pre-diabetic NOD mice. By this criterion, RAE-1 was increased relatively more in the pancreas of the pre-
diabetic mice with age, compared with the liver, spleen, kidney and thymus (Fig. 1c).
[0090] To determine whether RAE-1 proteins were expressed on the cell surface, pancreatic cells were isolated from
pre-diabetic NOD and non-diabetic BALB/c mice. Cells isolated by enzymatic digestion of the pancreas were stained
with anti-RAE-1 and anti-CD45 mAb (which distinguishes infiltrating CD45+ hematopoietic cells from CD45- non-hemat-
opoietic pancreatic islet cells). CD45-positive hematopoietic lineage cells were detected infiltrating the pre-diabetic NOD
pancreas, but not the non-diabetic BALB/c pancreas (Fig. 1d). RAE-1 proteins were detected predominantly on the
CD45-negative non-hematopoietic pancreatic cells in NOD mice, but were not found on the pancreatic cells in BALB/c
mice. Using density gradient separation techniques, the islets were isolated from NOD pancreases and also harvested
from the pancreatic lymph nodes (PLN) of these mice. Single-cell suspensions from the isolated islets and PLN were
stained with anti-RAE-1 and anti-CD45 mAb and were analyzed by flow cytometry. RAE-1 was present at low levels on
most CD45- islet cells, but not on CD45+ hematopoietic cells in the pancreas or PLN (Fig. 1d, e). These results indicated
that RAE-1 transcripts and proteins were present in the pancreas of pre-diabetic NOD mice, but not non-diabetic BALB/c
mice, and indicated that expression of RAE-1 may precede disease onset and contribute to disease progression in NOD
mice.
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CD8+ T cells infiltrating the NOD pancreas express NKG2D

[0091] Since the development of diabetes in NOD mice requires both CD4+ and CD8+ T cells, NKG2D expression
was analyzed on T cells isolated from the peripheral immune tissues and on the infiltrating leukocytes in the pancreases
of NOD mice. As shown in Fig. 2a, NKG2D was detected on a subset of the CD8+ T cells infiltrating the pancreas in 10
and 25 week-old NOD mice. The percentages of pancreas-infiltrating NKG2D+CD8+T cells increased with disease
progression (Fig. 2a). A smaller fraction of NKG2D+ CD8+T cells was detected in the PLN and spleen (Fig. 2a, b).
Furthermore, NKG2D+ CD8+T cells in the pancreas and PLN were found to express high levels of CD44, but not Ly-6C
(Fig. 2b). A population of CD8-NKG2D+ leukocytes (which did not express CD3) was also observed in the leukocytes
infiltrating the NOD pancreas (Fig. 2a) and many of these cells co-expressed NK cell and myeloid cell antigens. As
reported for normal non-diabetic mouse strains (Jamieson et al., Immunity, 17:19-29, 2002), NKG2D was not detected
on CD4+ T cells or on B220+ B cells in the pancreas or peripheral lymphoid tissues of either 10 week or 25 week- old
NOD mice.
[0092] Recent studies revealed that a substantial proportion of autoreactive CD8+ T cells in NOD mice recognize a
peptide from the glucose-6-phosphatase catalytic subunit-related protein (IGRP) that is presented by H-2Kd. A mimotope
peptide, NRP-V7 (KYNKANVFL, set forth as SEQ ID NO:5), functions as a super-agonist in NOD mice expressing the
8.3 TcR. NRP-V7-reactive CD8+ T cells accumulate in the pancreas of NOD mice and play a critical role in diabetogenesis.
CD8+ T cells in the pancreas and PLN were co-stained with NRP-V7/H-2Kd tetramers and anti-NKG2D. Almost all NRP-
V7/H-2Kd tetramer-positive CD8+T cells infiltrating the pancreas expressed NKG2D and CD44high (Fig. 2c). Similarly,
NKG2D+ CD8+T cells in the pancreas were CD44high, but Ly-6C- (Fig. 2b), a phenotype consistent with effector CD8+

T cells (Cerwenka et al., J Immunol, 161:97-105, 1998). Notably, few NRP-V7/H-2Kd tetramer-positive CD8+ T cells
were detected in the PLN (Fig. 2c). Immunohistochemistry revealed that NKG2D+ CD8+ T cells accumulated in the islets
of pre-diabetic NOD mice, near insulin-producing beta cells (Fig. 2d). In addition to CD8+ T cells, a subset of the CD68-
positive cells (macrophages) in the pancreas also expressed NKG2D (Fig. 2d).

Treatment with neutralizing anti-NKG2D mAb in vivo prevents autoimmune diabetes

[0093] The expression of NKG2D on the infiltrating CD8+ T cells and NKG2D ligands on the pre-diabetic islets indicated
a role for these molecules in diabetogenesis. This hypothesis was tested, by treating pre-diabetic NOD mice with a
neutralizing anti-NKG2D mAb. The CX5 anti-mouse NKG2D mAb blocks binding of NKG2D to its ligands, and incubation
of NKG2D-bearing cells with CX5 resulted in modulation and internalization of the receptor. Importantly, treatment of
mice in vivo with CX5 did not deplete NKG2D+ NK cells or CD8+ T cells. NOD mice were treated with anti-NKG2D mAb
from 7 - 25 weeks of age. Mice treated with diluent only developed diabetes beginning at 15 weeks of age and all (n=7)
had disease by 28 weeks (Fig. 3a, b). In contrast, none of the NOD mice treated with anti-NKG2D (n=7) developed
diabetes at 30 weeks of age, although antibody treatment was halted 5 weeks earlier (Fig. 3a, b).
[0094] As a more stringent analysis, anti-NKG2D mAb treatment was tested for prevention of disease onset in 13
week-old pre-diabetic mice with established insulitis. Mice given control IgG developed diabetes beginning at 15 weeks
of age. By contrast, no diabetes occurred in any of the NOD mice during the 12 weeks of anti-NKG2D treatment (Fig.
3c, d). Remarkably, most of the anti-NKG2D treated mice remained disease-free 7 weeks after halting therapy (Fig. 3c,
d). Thus, NKG2D blockade prevented the progression of diabetes not only in young mice with insulitis, but also in mice
at a late pre-diabetic stage with the imminent onset of islet destruction. Side effects of anti-NKG2D mAb treatment were
not observed either by gross examination or histological analysis. Thus, anti-NKG2D mAb treatment is an efficient
therapy to prevent diabetes, at least as long as antibody is administered continuously.
[0095] To examine the mechanism of anti-NKG2D mAb-mediated therapy, leukocytes isolated from the pancreas and
PLN of control Ig and anti-NKG2D mAb-treated NOD mice were analyzed. CD8+ T cells co-expressing NKG2D and high
levels of CD44 were present in the pancreas of control Ig-treated mice. As expected, NKG2D expression was significantly
reduced on CD8+ T cells, but CD44 expression was identical in the pancreas of mice treated with anti-NKG2D mAb
compared to that of mice treated with control Ig (Fig. 4a). By contrast, CD8+ T cells expressing NKG2D were relatively
infrequent in the PLN of both control and anti-NKG2D mAb treated mice, indicative of preferential localization of the
NKG2D+ CD8+ T cells in the pancreas (consistent with the results presented in Fig 2 for untreated NOD mice). Immi-
mohistochemical analysis of frozen sections of pancreas from control Ig treated mice indicated abundant CD8+T cells
expressing NKG2D in the pancreas of 16 week-old NOD mice treated with control Ig (Fig. 4b). In contrast, many fewer
CD8+ T cells were present in the healthy pancreas of 16 week-old mice that had been treated for nine weeks with anti-
NKG2D (Fig. 4c).
[0096] The leukocytes isolated from the pancreas and PLN of NOD mice treated with control Ig or anti-NKG2D mAb
were also analyzed for presence of antigen-specific autoreactive CD8+ T cells. Strikingly, infiltration of autoreactive NRP-
V7/H-2Kd tetramer-positive CD8+ T cells into the pancreas was dramatically decreased (∼75%) in mice treated with anti-
NKG2D mAb (Fig. 4d). The frequency of NRP-V7/H-2Kd tetramer-positive CD8+ T cells was also decreased in the PLN,
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spleen and peripheral blood of anti-NKG2D mAb-treated mice, compared with control Ig-treated mice (Fig 4d, e). NKG2D
was not detected on CD8+ T cells in mice treated with anti-NKG2D mAb. Because CX5 is a non-depleting anti-NKG2D
mAb (See, Figure 8), the therapy is contemplated to work by modulation of the receptor (See, Figure 7) and/or inhibition
of ligand binding. IFN-γ production by CD8+ T cells isolated from the PLN of mice treated in vivo with control Ig or anti-
NKG2D mAb was also examined. Upon stimulation with PMA and ionomycin in vitro, IFN-γ+ CD8+ T cells were detected
in cIg-treated NOD mice, whereas fewer IFN-γ+CD8+ T cells were observed in mice undergoing anti-NKG2D mAb therapy
(Fig. 4f). Nonetheless, an understanding of the mechanism(s) is not necessary in order to make and use the present
invention.

NKG2D blockade prevents diabetes in NOD.scid mice receiving adoptively transferred T cells from diabetic NOD mice

[0097] To address whether NKG2D blockade affects effector CD8+ T cells, T cells isolated from diabetic 16 week-old
NOD mice were adoptively transferred into NOD.scid recipients (which lack T cells and do not develop diabetes). At the
time of transfer, only a small percentage of the CD8+T cells expressed NKG2D (Fig. 5a). However, 5 weeks post-transfer
a substantial number of NKG2D+ CD8+ T cells were detected in the pancreas, PLN, and spleen in the recipient mice
(Fig. 5a), suggesting expansion of pre-existing NKG2D+ T cells or acquisition of NKG2D on the transferred CD8+T cells.
Approximately 15% of the CD8+T cells infiltrating the pancreas in cIg-treated recipient mice were NRP-V7/H-2Kd tetramer-
positive, whereas significantly fewer were found in anti-NKG2D mAb-treated mice (Fig. 5b, c). NKG2D was present on
most NRP-V7/H-2Kd tetramer-positive autoreactive CD8+T cells in the control Ig-treated NOD mice, but was not detected
on the mice receiving anti-NKG2D mAb therapy (Fig. 5c). Although diabetes developed in all control Ig-treated NOD.scid
mice receiving T cells from diabetic NOD mice, none of the anti-NKG2D mAb-treated mice developed diabetes while
undergoing therapy (Fig. 5d).
[0098] To determine whether anti-NKG2D treatment blocked expansion of pathogenic CD8+ T cells in the NOD.scid
recipient mice, anti-NKG2D mAb treatment was stopped after 8 weeks, when all control Ig-treated mice had succumbed
to disease. Four weeks after halting anti-NKG2D therapy, diabetes developed in the majority of NOD.scid mice that had
received T cells from diabetic NOD donors (Fig. 5d). Furthermore, at this time there was evidence for expansion of NRP-
V7/H-2Kd tetramer-positive NKG2D+ CD8+ T cells in the NOD.scid mice (Fig. 5e). These results indicated that anti-
NKG2D mAb treatment inhibited the expansion and/or accumulation of NKG2D+ CD8+ T cells in the pancreas. The rapid
progression to diabetes shortly after halting therapy indicated that the effector T cells were controlled, rather than
depleted, during the period of antibody treatment.

Anti-NKG2D mAb therapy prevents expansion of autoreactive CD8+ T cells in the pancreas

[0099] The finding of fewer NRP-V7/H-2Kd tetramer-positive CD8+T cells in the pancreas of anti-NKG2D treated mice
was consistent with the possibility that mAb therapy blocked expansion of the autoreactive T cells. To directly test this
hypothesis, 8.3 TcR-transgenic T cells were labeled with CSFE, adoptively transferred into 10 week-old NOD recipients
and treated with either control Ig or anti-NKG2D mAb (Fig. 6). Before transfer, donor CD8+ T cells from the lymph nodes
and spleens of 8.3 TcR-transgenic NOD mice were >90 % NRP-V7/H2Kd tetramer positive but did not express NKG2D
(Fig. 6a). Two days later, the transferred CSFE-labeled 8.3 TcR-transgenic NOD CD8+ T cells infiltrating the pancreas
of mice treated with control Ig expressed NKG2D (Fig. 6b) and were already proliferating; however, no dilution of CSFE
was observed in the transferred T cells present in the pancreatic or mesenteric lymph nodes (Fig. 6c). At days 4 and 8
post transfer, the CFSE-labeled 8.3 TcR-transgenic T cells in the pancreas and pancreatic lymph nodes, but not the
mesenteric lymph nodes, of mice treated with control Ig showed extensive proliferation (Fig. 6c). In striking contrast,
NKG2D was not detected on the cell surface of the transferred CSFE-labeled 8.3 TcR-transgenic CD8+ T cells in the
pancreas of NOD mice treated with anti-NKG2D mAb (Fig. 6b). Furthermore, the expansion of these cells in the pancreas
was substantially inhibited compared with the mice treated with control Ig (Fig. 6c). Interestingly, treatment with anti-
NKG2D mAb had a much more profound effect on the proliferation of CSFE-labeled 8.3 TcR-transgenic T cells infiltrating
the pancreas compared with cells in the lymph nodes. Expansion of the endogenous CSFE-unlabeled T cells in the
pancreas detected with the NRP-V7/H2Kd tetramer was also diminished by treatment with anti-NKG2D mAb, compared
with control Ig treated mice. Quantitation of the proliferation of the adoptively transferred 8.3 TcR-transgenic T cells
infiltrating the pancreas in control Ig and anti-NKG2D mAb treated NOD mice indicated a profound effect of anti-NKG2D
therapy on expansion of the autoreactive antigen-specific CD8+T cells (Fig. 6d).
[0100] The data indicate that RAE-1 is present in pre-diabetic pancreas islets of NOD mice and that autoreactive
CD8+T cells infiltrating the pancreas express NKG2D. Treatment with a non-depleting anti-NKG2D monoclonal antibody
(mAb) during the pre-diabetic stage completely prevented disease by impairing the expansion and function of autoreactive
CD8+ T cells. These findings demonstrate that NKG2D is essential for disease progression and provide a new therapeutic
target for autoimmune type I diabetes. These data directly implicate the NKG2D receptor in the functional development
of effector functions of the pathogenic CD8+ T cells and indicate that the anti-NKG2D mAb functions therapeutically to
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block receptor-mediated signals in the absence of frank cell depletion.

Example 4

Modulation of Cell Surface Expression of NKG2D by shRNA

[0101] The following experiment was performed to examine the effect of inhibitory RNA on NKG2D expression. DNA
encoding human NKG2D in a vector containing an IRES-eGFP element was stably transfected into CHO cells. The
stably-transfected NKG2D-expressing cells were then transfected (using Lipofectamine and standard methods) with a
cDNA encoding mouse CD8 (mCD8) and with a plasmid (the pCR2.1-TOPO vector from InVitroGen) that contained a
22 base pair (bp) cDNA (5’-ggatgggact agtacacatt cc-3’ set forth as SEQ ID NO:10) homologous to a segment of human
NKG2D (designated shDNA03). As a control to demonstrate specificity, NKG2D-expressing CHO cells were also doubly
transfected with mCD8 and with a 22 bp cDNA similar to human NKG2D but with 3 mutated nucleotides (5’-ggatgggatt
agtatagatt cc-3’ set forth as SEQ ID NO:13). Cells in the left panels were transfected only with the plasmid containing
the mouse CD8 cDNA (mCD8). The transfected cells were stained with monoclonal antibodies against mouse CD8 and
against human NKG2D and were analyzed by flow cytometry. Bivariate dot plots were obtained displaying fluorescence
representing (i) mouse CD8 versus human NKG2D and (ii) eGFP (intrinsic green fluorescence resulting from expression
of the human NKG2D-IRES-eGFP vector) versus human NKG2D.
[0102] The results indicated, first, that cells that expressed mouse CD8 on the cell surface could be easily detected,
revealing that they were transfected with the plasmids introduced into the CHO cells. Furthermore, the expression of
human NKG2D on the mouse CD8-expressing cells was unaffected by co-transfection with the mouse CD8 plasmid
alone or with the plasmid contain the mutant NKG2D construct. By contrast, co-transfection with the homologous NKG2D
sequence substantially prevented expression of NKG2D.

Example 5

Modulation of Cell Surface NKG2D by use of an Anti-NKG2D Monoclonal Antibody

[0103] The following experiments were performed to evaluate the ability of a monoclonal antibody directed against
NKG2D to modulate cell-surface expression of NKG2D.
[0104] A human NK cell line (NKL) was stained for 30 min on ice with a biotin-conjugated control IgG (cIg bio) or with
biotin conjugated mouse anti-human NKG2D mAb (R&D Systems clone 149810), washed, and an aliquot was incubated
overnight at 37°C. The cells were stained with allophycocyanine-conjugated streptavidin either before culture (0h) or
after (16h) culture, and were subsequently analyzed by flow cytometry. The mean fluorescence intensity (arbitrary units)
of anti-NKG2D stained cells before culture was 186 compared with 61 after culture, indicating a 67% decrease in
expression of NKG2D on the cell surface of the NK cells treated with anti-NKG2D mAb for 16 hrs.
[0105] NKL cells were cultured for 16 h at 37°C with either control IgG or with mouse anti-human NKG2D IgG (R&D
Systems clone 149810). At the end of the incubation, the cells were washed and treated with acid medium at pH 3.5 for
15 min to remove surface antibody. The cells were then stained with anti-NKG2D antibody followed by PE-labeled goat
anti-mouse IgG secondary antibody to detect surface NKG2D. Figure 12 shows that this anti-NKG2D antibody is effective
at stimulating internalization of surface NKG2D on these human cells.

Example 6

NKG2D Blockage Prevents Parental Bone Marrow Graft Rejection in F1 Mice

[0106] The following experiments were performed to test the effect of NKG2D blockade on development of hybrid
resistance (rejection of parental bone marrow grafts by F1 recipients) in an animal model system, (C57BL/6 x BALB/c)
F1 (CB6F1) mice.

Mice

[0107] Approximately 6-8 week old C57BL/6, BALB/c, and CB6F1 mice were purchased from the National Cancer
Institute Animal Program (Frederick, MD). RAE-1ε transgenic mice were generated and backcrossed onto the C57BL/
6 background (Ehrlich et al., unpublished observations). DAP12-/- mice on the C57BL/6 background (backcrossed 9
generations) were described previously (Bakker et al., Immunity,13:345-353, 2000), and DAP10-/- were generated from
C57BL/6 embryonic stem cells (Phillips et al., unpublished observations). All experiments were performed according to
the guidelines of the UCSF Committee on Animal Research.
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Reagents, Cytokines and Antibodies

[0108] Anti-mouse NKG2D mAb, clone CX5 (rat IgG1 isotype), was generated by immunizing rats with purified mouse
NKG2D protein, as described previously (Ogasawara et al., Immunity, 18:41-51, 2003). Anti-mouse NKG2D, clone
191004 (rat IgG2a isotype), was produced from a hybridoma resulting from the fusion of a mouse myeloma with B cells
from a rat immunized with recombinant mouse NKG2D extracellular domain (R&D Systems, Minneapolis, MN). All anti-
NKG2D mAbs recognize the NKG2D extracellular domain and efficiently block the binding of NKG2D to its ligands. For
in vivo injection, purified anti-NKG2D mAb CX5 and anti-NK1.1 mAb PK136 that did not contain detectable endotoxin
(<0.3 pg/injection) were used. The anti-NKG2D mAb CX5 is a blocking antibody that does not deplete NKG2D-bearing
NK cells or T cells when injected in vivo (Ogasawara et al., Immunity, 20, 757-7567, 2004; Lodoen et al., JExp Med,
197:1245-1253, 2003); and Lodoen et al., J Exp Med, 200:1075-108, 2004). Control rat IgG was purchased from Sigma
(St. Louis, MO). Anti-mouse pan-RAE-1 mAb (clone 186107, rat IgG2b isotype), anti-mouse H60 mAb (clone 205310)
and anti-mouse MULT1 mAb (clone 237104) were generated as described (Lodoen et al., supra, 2003; and Lodoen et
al., supra, 2004). Other antibodies were purchased from BD PharMingen or eBiosocience (San Diego, CA).

Bone Marrow Transplantation

[0109] Murine bone marrow was transplanted as described previously (George et al., J Immunol, 163:1859-1867,
1999). Briefly, mAb treatments (200 Pg/mouse) were performed 2 days before bone marrow transfer, and recipients
were treated with poly I:C (Sigma, 200 Pg/mouse) to boost NK cell-mediated graft rejection one day before injection of
bone marrow cells (Murphy et al., J Exp Med, 166:1499-1509, 1987). On day 0, mice were irradiated by exposure to
lethal doses (11Gy) of 137Cs gamma irradiation, and then 4 x 106 BM cells were injected intravenously. Five days after
transfer, the mice were given 26 Pg of 5-fluoro-2’-deoxyuridine (Sigma, St. Louis, MO) intravenously to suppress en-
dogenous thymidine synthesis (George et al., supra, 1999). Thirty min later, the mice were given 3P Ci of 5-[125I]iodo-
2’-deoxyuridine (Amersham Life Science, Arlington Heights IL) intravenously. On day 6, the spleens were removed from
recipient mice and counted with a gamma counter.

Generation of BM Chimeric Mice

[0110] Briefly, 1x107 Ly5.2 B6 BM cells were transferred intravenously into NK cell-depleted and irradiated recipient
mice (absorbed dose of radiation =11 Gy), as described previously (Ogasawara et al., Nature, 391:701-703, 1998).
During reconstitution, mice were maintained on antibiotics.

Preparation of NK Cells

[0111] NK cells were enriched as described previously (Ogasawara et al., J Immunol, 169:3676-3685, 2002). Briefly,
spleen cells were incubated with anti-mouse CD4 mAb (clone GK1.5) and anti-mouse CD8 mAb (clone 53-6.7), and
thereafter these cells were mixed with magnetic beads coated with goat anti-mouse Ig and goat anti-rat Ig (Advanced
Magnetic, Inc, Cambridge, MA). CD4, CD8, and surface Ig (sIg)-positive cells were removed by magnetic cell sorting.

Flow Cytometric Analysis

[0112] A fusion protein containing the extracellular domain of mouse NKG2D fused to human IgG1 Fc (mNKG2D-Ig)
was used to detect NKG2D ligands (Cerwenka et al., Immunity, 12:721-727, 2000). A PE-conjugated goat anti-human
IgG Fcγ fragment (Jackson ImmunoResearch, West Grove, PA) was used as a second step reagent. The cells (1 x 106)
were stained with 0.5 Pg of mNKG2D-Ig and with 0.25 Pg of other mAbs. To determine which NKG2D ligands were
expressed, cells were stained with a biotinylated anti-pan RAE-1 mAb, which recognizes all five known RAE-1 proteins
(i.e. RAE-1α, β, γ, δ and ε), biotinylated anti-H60 mAb or anti-MULT1 mAb. PE-conjugated streptavidin or APC-conjugated
streptavidin was used to detect biotinylated mAbs. For detection of NKG2D, cells (∼1x106) were stained with 0.25 Pg
biotinylated or PE-labeled anti-NKG2D mAb (clone 191004). Cells were co-stained with anti-CD43, anti-Ly6C/G, anti-
CD11c, anti-B220, anti-CD3, anti-TER119, anti-NK1.1 and anti-CD49d (DX5) mAbs. The cells were incubated with mAbs
for 20 min and washed with PBS containing 0.01% NaN3. Cells were analyzed by using a FACS Calibur (Becton Dickinson,
San Jose, CA) flow cytometer. Viable lymphocyte populations were gated based on forward and side scatter profiles
and by lack of propidium iodide staining.

Cytotoxic Assay

[0113] Monoclonal antibody-mediated redirected cytotoxicity assays were performed as described previously (Lanier
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et al., Jlmmunol, 141:3478-3485, 1988). Target cells were labeled with 50 PCi of Na2 (51Cr) O4 for 2 h at 37°C in RPMI-
1640 medium containing 10% FCS, washed three times with medium, and used in cytotoxicity assays. 51Cr-labeled
target cells (5 x 103) and effector cells were mixed in U-bottomed wells of a 96-well microtiter plate at the indicated
effector/target (E/T) ratios, in triplicate. After a 4 h incubation period, the cell-free supernatants were collected and
radioactivity was measured in a Micro-beta counter (Wallac, Turku, Finland). The spontaneous release was less than
15% of the maximum release. The percentage of specific 51 Cr release was calculated according to the following formula:
% Specific lysis = (experimental - spontaneous) release x 100 / (maximal - spontaneous) release.

Expression of NKG2D ligands on mouse BM cells

[0114] The genes encoding NKG2D ligands are polymorphic; BALB/c (B/c) mice have RAE-1α, β, and γ genes, whereas
C57BL/6 (B6) mice possess RAE-1δ and ε genes (Cerwenka and Lanier, Tissue Antigens, 61:335-343, 2003). Similarly,
B/c but not B6 mice express H60 (Malarkannan et al., J Immunol, 161:3501-3509, 1998). BM cells isolated from B/c,
B6 and (BALB/c x C57BL/6) F1 (CB6F1) mice were analyzed to determine whether NKG2D ligands are expressed on
BM cells. Cells were stained with a mouse NKG2D-IgG Fc fusion protein and analyzed by flow cytometry. Low levels of
NKG2D ligands were detected on the surface of freshly isolated B/c BM cells, but not on B6 BM cells (Fig. 13a). In order
to determine which NKG2D ligands were expressed, BM cells were stained with anti-pan RAE-1, anti-H60 and anti-
MULT1 monoclonal antibodies (mAbs). RAE-1 and H60 were expressed at low levels on freshly isolated B/c BM cells,
whereas MULT1 was not detected (Fig 13b). By contrast, RAE-1 was not detected on freshly isolated splenocytes from
B/c, B6 or CB6F1 mice.
[0115] Prior studies have established that NK cells in F1 recipients are able to reject parental bone marrow grafts
(Kiessling et al., Eur J Immunol, 7:655-663, 1977; Lotzova et al., Transplantation, 35:490-494, 1983; Murphy et al., J
Exp Med, 165, 1212-1217, 1987; and Murphy et al., Eur Jlmmunol, 20:1729-1734, 1990). The inventors contemplated
that the B/c BM cells that repopulate the spleen in an irradiated CB6F1 recipient express NKG2D ligands. Thus during
development of the present invention, the recipient CB6F1 mice were pre-treated with an anti-NK1.1 mAb to deplete
the resident NK cells and thereby prevent rejection of the transplanted B/c BM cells. As a control, a group of irradiated
CB6F1 mice were reconstituted with syngeneic CB6F1 BM cells. Seven days after grafting, the hematopoietic cells
repopulating the spleens of the CB6F1 mice were isolated and analyzed for expression of NKG2D ligands. As shown
in Fig. 13c, NKG2D ligands were detected on the hematopoietic cells isolated from the spleens of B/c BM -> CB6F1
mice, but not on cells isolated from the spleens of CB6F1 BM -> CB6F1 mice. The B/c hematopoietic cells reconstituting
the spleens of the irradiated CB6F1 recipients predominantly expressed RAE-1, and not H60 or MULT1 (Fig. 13d).
[0116] In order to identify the population of hematopoietic cells that expressed RAE-1, cells isolated from the spleens
of CB6F1 BM -> CB6F1 and B/c BM -> CB6F1 recipients were stained with mAbs against hematopoietic lineage markers.
At day 7 post-transplantation, RAE-1 was detected on the majority of cells isolated from the spleens of CB6F1 BM ->
CB6F1 recipients. In contrast, RAE-1 was not detected on a substantial proportion of cells from the spleens of CB6F1
BM -> CB6F1 recipients. Essentially all RAE-1- positive cells isolated from the B/c BM -> CB6F1 recipients expressed
CD43 (Fig. 13e). RAE-1 was also present on most cells expressing the granulocyte-associated Gr-1 (Ly-6C/G) protein
and the myeloid cell-associated marker CD11b (Mac-1). Only a minor fraction of B220 (B cell-associated marker)-positive
cells and Ter119 (an erythrocyte-associated marker)-positive cells expressed RAE-1, and RAE-1 was not detected on
CD3+ T cells (Fig. 13e). It is contemplated that the B cells and T cells detected in the spleens were residual radioresistant
cells of host origin, because it is unlikely that T cells or B cells would have developed from the donor bone marrow cells
in less than a week post-transplantation. RAE-1 was detected on a small subset of cells expressing c-kit and Sca-1,
although most RAE-1-positive cells did not have these markers (Fig. 13f). The proliferation status of cells expressing
RAE-1 in the B/c BM -> CB6F1 recipients was evaluated by injecting BrdU into these mice at 2 hr and 12 hr before
harvesting the spleen cells on day 7 post-transplantation. As shown in Fig. 13g, RAE-1 was readily detected on a large
fraction (but not all) of the proliferating progenitor cells in the spleens of the transplant recipients.
[0117] In initial experiments, CB6F1 mice were transplanted with whole bone marrow isolated from B/c donors. In
order to address whether RAE-1 is expressed on the progeny of hematopoietic stem cells (HSC), donor B/c mice were
treated with 5-fluorouracil (5-FU) before bone marrow harvest to enrich for HSC, and bone marrow from 5-FU-treated
donors was then transplanted into CB6F1 recipients that were pre-treated with anti-NK1.1 mAb to deplete resident host
NK cells. The bone marrow cells harvested from the 5-FU-treated donors did not express RAE-1. When cells in the
spleens of B/c 5-FU BM -> CB6F1 recipients were analyzed on day 8 post-transplantation, essentially all RAE-1-positive
cells expressed Ly-6C/G, CD11b and CD43, but not CD3, Ter119, or B220. A small population of RAE-1-positive cells
expressed low levels of c-kit and Sca-1, although a majority of the RAE-1-positive cells lacked both of these markers
(Fig. 13i). These results indicated that the majority of proliferating B/c progenitor cells in the NK cell-depleted CB6F1
recipients expresses RAE-1.
[0118] Since development of the present invention, the expression of NKG2D ligands on proliferating human bone
marrow cells has been reported (Nowbakht et al., Blood, published electronically on January 18, 2005). Thus, the
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inventors contemplate that experiments described herein in mice, are also relevant to humans (and other mammals).

NKG2D is involved in hybrid resistance

[0119] During development of the present invention, the finding that RAE-1 was expressed on the proliferating pro-
genitor cells in the spleens of CB6F1 mice reconstituted with B/c bone marrow suggested to the inventors that NKG2D
is involved in hybrid resistance. This was confirmed by transfer of B/c BM cells into irradiated CB6F1 mice pre-treated
with a control antibody (cIg), a neutralizing, non-depleting anti-NKG2D mAb (CX5) (Ogasawara et al., Immunity, 20:
757-767, 2004), or the NK cell-depleting anti-NK1.1 mAb (PK136). Hematopoietic cell reconstitution of recipient mice
was evaluated by injecting 125IUdR twelve hours prior to harvesting spleens on day 7. cIg-treated mice rejected the B/c
BM cells, and consistent with earlier reports (Lotzova et al., Transplantation, 35:490-494, 1983), depletion of NK cells
in CB6F1 mice efficiently prevented rejection of the B/c bone marrow cells, which resulted in a substantial increase in
incorporation of radiolabel in the spleens (Fig. 14a). The non-depleting, neutralizing anti-NKG2D mAb also dramatically
increased incorporation of 125IUdR, comparable to the effects of depleting NK cells.
[0120] The ability of anti-NKG2D mAb treatment to prevent rejection of B/c bone marrow cells was confirmed by
examining the cells repopulating the spleens on day 8 post-transplantation. As shown in Fig. 14b, RAE-1-positive cells
predominately co-expressing CD43, Ly-6C/G, and CD11b were detected in the spleens of CB6F1 mice treated with anti-
NKG2D mAb. In contrast, far fewer cells were recovered from the cIg-treated mice and very few of these cells expressed
RAE-1. These data indicated that rejection of RAE-1-positive B/c BM cells in CB6F1 mice is efficiently prevented by
either the depletion of NK cells or by blocking the NKG2D receptor.

NK cells eliminate syngeneic BM cells expressing high levels of RAE-1

[0121] The ability of anti-NKG2D mAb treatment to block rejection of parental bone marrow engraftment in F1 recipients
raised the question of whether recognition of parental H-2 by the F1 NK cells is required for the NKG2D-dependent
rejection or if NK cells can also reject syngeneic bone marrow cells provided that RAE-1 is expressed at sufficiently high
levels. CB6F1 bone marrow cells repopulating syngeneic irradiated CB6F1 recipients (Fig. 13c, e) and B6 bone marrow
cells repopulating syngeneic irradiated B6 recipients expressed only very low levels of RAE-1 compared with B/c repop-
ulating bone marrow cells (Fig. 13d, e). Therefore, in order to evaluate whether or not expression of RAE-1 on B6 or
CB6F1 bone marrow cells would cause rejection of syngeneic bone marrow grafts, transgenic mice were generated that
express RAE-1ε driven by a human β-actin promoter, resulting in RAE-1ε expression in all tissues. As shown in Fig. 15a
the level of expression of RAE-1ε on freshly isolated bone marrow cells from B6 RAE-1ε transgenic mice, is similar to
the levels of RAE-1 present on the repopulating B/c bone marrow cells (Fig. 13d,e).
[0122] Freshly isolated bone marrow cells from the RAE-1ε transgenic B6 mice were tested as targets for IL-2-activated
syngeneic, non-transgenic NK cells in a standard in vitro cytotoxicity assay. As shown in Fig. 15b, activated NK cells
killed freshly isolated RAE-1ε transgenic B6 bone marrow cells, but not RAE-1-negative non-transgenic B6 bone marrow
cells. Cytotoxicity was blocked by an anti-NKG2D mAb, demonstrating that the killing is NKG2D-dependent. In accordance
with the in vitro results, irradiated non-transgenic B6 mice rejected bone marrow cells from RAE-1ε transgenic B6 donors.
Importantly, rejection was prevented in mice treated with the neutralizing anti-NKG2D mAb, but not in mice treated with
a control Ig (Fig. 15c). Similar results were obtained when the RAE-1ε transgenic B6 were crossed with B/c mice and
RAE-1ε transgenic CB6F1 bone marrow was grafted into non-transgenic CB6F1 recipients. The RAE-1ε transgenic
CB6F1 bone marrow cells, unlike non-transgenic CB6F1 bone marrow cells (Fig. 13c,e), expressed high levels of RAE-
1ε and were rejected by the syngeneic non-transgenic CB6F1 recipients (Fig. 15d). Rejection was prevented by admin-
istration of the neutralizing, non-depleting anti-NKG2D mAb or by depletion of NK cells with anti-NK1.1 mAb. Collectively,
these findings demonstrate that B6 and CB6F1 NK cells can reject H-2 identical bone marrow cells, provided that the
bone marrow cells express RAE-1.

DAP10 and DAP12 in NKG2D-mediated BM rejection

[0123] In mice, alternative RNA splicing of NKG2D transcripts generates two protein isoforms called NKG2D-S and
NKG2D-L. NKG2D-L is expressed predominantly in resting NK cells and associates with the DAP10 adapter protein,
whereas NKG2D-S is induced by activation of NK cells and associates with either DAP10 or DAP12 (Diefenbach et al.,
Nat Immunol, 3:1142-1149, 2002). Bone marrow cells from RAE-1ε transgenic B6 mice were transplanted into irradiated
wild-type, DAP10-/-, and DAP12-/- C57BL/6 recipients, in order to determine whether DAP10 or DAP12 or both adapters
are involved in NKG2D-mediated rejection. Mice were injected with 125IUdR on day 5 and spleens were harvested and
counted on day 6. Compared with wild-type B6 mice, DAP10-/- B6 mice demonstrated a significant deficiency in rejecting
the RAE-1ε transgenic B6 bone marrow graft (Fig. 16a). By contrast, DAP12-/- B6 recipients rejected the RAE-1ε
transgenic B6 bone marrow more efficiently than the DAP10-/- B6 mice, although slightly less well than wild-type B6
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mice (Fig. 16b). Wild-type, DAP10-/- and DAP12-/- B6 mice all failed to reject the RAE-1ε transgenic B6 bone marrow
graft when treated with the depleting anti-NK1.1 mAb or with the non-depleting, neutralizing anti-NKG2D mAb. These
results indicate a predominant role of DAP10, and a lesser role of DAP12, in NKG2D-dependent bone marrow rejection.
Nonetheless, an understanding of the mechanism is not necessary in order to make and use the invention.

Defective hybrid resistance in RAE-1 ε transgenic mice

[0124] Activation of NK cells from NOD mice induces expression of RAE-1, which results in ligand-dependent modu-
lation of NKG2D on the NK cells (Ogasawara et al., Immunity, 18, 41-51, 2003). Analysis of the expression of NKG2D
on the surface of NK cells from the RAE-1ε transgenic B6 mice revealed a reduced expression of NKG2D as compared
to NK cells from wild-type mice (Fig. 17a). Although the amount of NKG2D on the RAE-1ε transgenic B6 was substantially
diminished, the number ofNK cells in the spleens and the expression of NK1.1, Ly-49D, Ly-49A, Ly-49C/I, Ly-49F/I/C/H,
and Ly-49G2 on the NK cells were similar to wild-type NK cells. To examine whether NKG2D function is impaired in
RAE-1ε transgenic NK cells, an antibody-redirected cytotoxicity assay was performed using cIg, anti-NKG2D mAb and
anti-NK1.1 mAbs. Although NK1.1-dependent cytotoxic activity of RAE-1ε transgenic NK cells was identical to that of
wild-type B6 NK cells, NKG2D-dependent cytotoxicity was impaired in RAE-1ε transgenic NK cells (Fig. 17b).
[0125] The RAE-1ε transgene is driven by a β-actin promoter in these transgenic mice, and therefore, the NK cells of
these animals co-express both ligand and receptor. In order to determine whether wild-type (non-transgenic) NK cells
are inactivated in vivo by constant exposure to NKG2D ligands, bone marrow chimeras were generated by transplanting
wild-type Ly5.2 congenic B6 bone marrow into lethally-irradiated RAE-1ε B6 (Ly5.1) transgenic recipients. Three months
after transplantation, the number of NK cells in the spleens and the expression of NK1.1 (Fig. 17c), Ly-49D, Ly-49A, Ly-
49 C/I, Ly-49F/1/C/H and Ly-49G2 in Ly5.2 BM ->RAE-1ε transgenic mice were similar to that in Ly5.2 BM -> wild-type
B6 mice. In contrast, NKG2D expression on NK cells was dramatically diminished in Ly-5.2 BM -> RAE-1ε transgenic
mice (Fig. 17c). Consistent with the diminished levels of NKG2D on the NK cells, NKG2D-dependent cytotoxic activity
was impaired in Ly-5.2 BM - > RAE-1ε transgenic mice, as determined by an in vitro antibody-redirected cytotoxicity
assay (Fig. 17d). The inventors also investigated whether RAE-1ε transgenic B6 BM cells were rejected in Ly-5.2 B6
BM -> RAE-1ε B6 transgenic recipients. As expected, NK cells in the wild-type Ly5.2 B6 -> wild-type B6 mice rejected
RAE-1ε transgenic BM cells efficiently (Fig. 17e). In contrast, NK cells that developed in the Ly-5.2 B6 BM -> RAE-1ε
transgenic mice failed to reject RAE-1ε transgenic BM cells (Fig. 17). These findings indicated that NKG2D modulation
ofNK cells is caused by the interaction with irradiation-resistant recipient RAE-1 expressing cells in vivo, and that this
results in impairment of NKG2D function in vivo. Nonetheless, an understanding of the mechanism is not necessary in
order to make and use the invention.
[0126] To investigate whether F1 hybrid resistance is affected by the diminished levels of NKG2D on NK cells in the
RAE-1ε transgenic B6 mice, the transgenic mice were crossed with B/c mice, and the RAE-1ε transgenic CBF1 mice
were tested for their ability to reject parental B/c BM cells. Unlike wild-type CB6F1 mice, the RAE-1ε transgenic CB6F1
mice failed to reject B/c BM cells (Fig. 17f). Moreover, treatment with anti-NK1.1 mAb or anti-NKG2D mAb did not affect
the 125IUdR incorporation of B/c BM cells in the RAE-1ε transgenic CB6F1 recipients. However, depleting NK cells or
blocking NKG2D allowed engraftment of B/c bone marrow cells in wild-type CB6F1 recipients. Thus as demonstrated
herein, NKG2D is implicated as an important component in F1 hybrid resistance.

Example 7

NKG2D Blockage for the Prevention and Treatment of Rheumatoid Arthritis

[0127] This can be tested in a chronic animal model of arthritis where NKG2D can be demonstrated to be present at
the site of inflammation. An example of such a model is the chronic collagen induced arthritis (Malfait et al., Arthritis and
Rheumatism 44:1215-1224, 2001).
[0128] Recently, CD4+CD28- T cells in the peripheral blood and synovial tissues of human rheumatoid arthritis patients
were found to express NKG2D, whereas inflamed synoviocytes were found to aberrantly express the MIC ligands of
NKG2D (Groh et al., Proc Natl Acad Sci USA, 100:9452-9457, 2003). Thus, the inventors contemplate that the compo-
sitions and methods for blocking NKG2D described herein are also suitable for prevention and treatment of rheumatoid
arthritis. The following experiments are performed to test the effect of NKG2D blockade on development of rheumatoid
arthritis (RA) in an animal model system, the DBA/1 mouse.
[0129] Briefly, collagen type II (CII)-induced arthritis (CIA) is induced in 6- to 7-week-old male DBA/1 mice by intradermal
tail base injection of 100 Pg bovine collagen II supplemented with 2.0 mg/ml Mycobacterium tuberculosis H37RA emul-
sified in complete Freund’s adjuvant, as described (Seo et al., Nat Med, 10:1088-1094, 2004). Joint inflammation is
scored from 1 to 4,with a maximum score of 16 per mouse. The clinical severity of arthritis is graded as follows: 0, normal;
1, slight swelling and/or erythema; 2, substantial edematous swelling; 3, substantial edematous swelling plus light joint
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rigidity; or 4, laxity (See, e.g., Williams et al., Proc Natl Acad Sci USA, 89:9784-9788, 1992). Each limb is graded, allowing
a maximum clinical score of 16 for each animal. Swelling of hind paws is measured with a pair of calipers.
[0130] Mice are injected with 200 Pg of an anti-NKG2D mAb or a control isotype-matched mAb IP, on days 0, 2, 4, 6
and 8 or days 0, 3, 7 and 10 after immunization. The inventors contemplate that control IgG treatment results in devel-
opment of severe arthritis beginning approximately 28 d after immunization (e.g., severity greater than 10; incidence
greater than 80%, and paw thickness greater than 3.5 mm). In contrast, anti-NKG2D mAb treatment is expected to result
in suppression of disease, which manifests as a decrease in arthritis severity, and incidence, as well as a reduced paw
thickness and reduced joint histopathology relative to the control mAb-treated animals (e.g., severity less than 10,
preferably less than 5 and most preferably less than 2; incidence less than 80%, preferably less than 50%, and most
preferably less than 20%; and paw thickness less than 3.5 mm, preferably less than 3.0 mm, and most preferably less
than 2.5 mm).
[0131] To treat established CIA, mice are injected on days 28, 30, 32, 34 and 36 or days 28, 31, 35 and 38 after
immunization. The mice are then divided into two groups with equal mean arthritis scores on day 28 after immunization,
and treated with control mAb, or anti-NKG2D mAb on days 28, 30, 32, 34 and 36 after immunization. It is contemplated
that arthritis is reversed only in the anti-NKG2D mAb-treated group (e.g., reduction in disease severity, incidence, paw
thickness and joint histopathology). Moreover, the inventors contemplate that anti-NKG2D mAb treatment will result in
a reduction in numbers of NKG2D-expressing cells present in the joints of arthritic subjects, as well as a reduction in
levels of inflammatory cytokines (e.g., TNF-α, IL-15, etc.) in the synovial fluid.

Example 8

NKG2D Blockage for the Prevention and Treatment of Celiac Disease

[0132] MIC is strongly expressed at the gut epithelial surface in Celiac disease (CD) patients, which in turn co-activated
intraepithelial T lymphocytes (IEL) via NKG2D, leading to cytolysis of epithelial cell targets (Meresse et al., Immunity,
21:357-366, 2004; and Hue et al., Immunity, 21:367-377, 2004). The inventors contemplate that the compositions and
methods for blocking NKG2D described herein are also suitable for prevention and treatment of Celiac disease. The
effect of NKG2D blockade on development of inflammatory bowel disease (IBD) will be tested in an suitable small animal
model, such as, e.g., either one of the following two mouse models of colitis: TNB induced (Chin et al., Digestive Diseases
and Sciences 39:513-525, 1994) or T-cell transferred model (Powrie et al., Int Immunol 5:1461 et seq., 1993) in SCID mice.
[0133] All references, including publications, patent applications, and patents, cited herein are hereby incorporated
by reference to the same extent as if each reference were individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein (to the maximum extent permitted by law). All headings and sub-
headings are used herein for convenience only and should not be construed as limiting the invention in any way. Any
combination of the above-described elements in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context.
[0134] The use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention
(especially in the context of the following claims) are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. Recitation of ranges of values herein are merely intended
to serve as a shorthand method of referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if it were individually recited herein.
Unless otherwise stated, all exact values provided herein are representative of corresponding approximate values (e.g.,
all exact exemplary values provided with respect to a particular factor or measurement can be considered to also provide
a corresponding approximate measurement, modified by "about," where appropriate). All methods described herein can
be performed in any suitable order unless otherwise indicated herein or otherwise clearly contradicted by context. The
use of any and all examples, or exemplary language (e.g., "such as") provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as essential to the practice of
the invention. The citation and incorporation of patent documents herein is done for convenience only and does not
reflect any view of the validity, patentability, and/or enforceability of such patent documents. A description herein of an
aspect or embodiment of the invention using terms such as "comprising", "having," "including," or "containing" a particular
element is intended to provide support for an aspect or embodiment of the invention that "consists of’, "consists essentially
of’, or "substantially comprises" that particular element, unless otherwise stated or clearly contradicted by context. This
invention includes all modifications and equivalents of the subject matter recited in the claims appended hereto as
permitted by applicable law.
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Claims

1. An antibody or antibody fragment that binds NKG2D and is capable of impairing the expansion of NKG2D+ T cells
or NK cells without depleting such cells, for use in treating an autoimmune disease or an inflammatory disorder
associated with NKG2D-mediated activation, wherein the autoimmune disease is not type I diabetes.

2. The antibody or antibody fragment of claim 1, wherein the antibody or antibody fragment increases the rate at which
cell-surface NKG2D is internalized.

3. The antibody or antibody fragment of any of claims 1 to 2, wherein the antibody or antibody fragment reduces ligand-
induced NKG2D activation of NKG2D-expressing leukocytes.

4. The antibody or antibody fragment of any of claims 1 to 3, wherein the antibody or antibody fragment reduces
signalling through the NKG2D - NKG2D ligand complex.

5. The antibody or antibody fragment of any of claims 1 to 4, wherein the antibody is a human or humanized antibody.

6. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is rheumatoid arthritis.

7. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is multiple sclerosis.

8. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is psoriasis.

9. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is psoriatic arthritis.

10. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is systemic lupus
erythematosus.

11. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is inflammatory bowel
disease.

12. The antibody of antibody fragment of claim 11, wherein the inflammatory bowel disease is Crohn’s disease.

13. The antibody or antibody fragment of claim 11, wherein the inflammatory bowel disease is ulcerative colitis.

14. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is celiac disease.

15. The antibody or antibody fragment of any of claims 1 to 5, wherein the autoimmune disease is selected from the
group consisting of Hashimoto’s thyroiditis, Sjogren’s syndrome, Behcet’s disease, Wegener’s granulomatosis,
ankylosing spondylitis, polymyositis, and dermatomyositis.

16. The antibody or antibody fragment of any of claims 1 to 5, wherein the inflammatory disorder is atherosclerosis.

17. The antibody or antibody fragment of any preceding claim in combination with an additional agent selected from the
group consisting of a non-steroidal anti-inflammatory drug (NSAID), a disease-modifying anti-rheumatic drug
(DMARD), a corticosteroid, an antimicrobial agent, and a biologic agent, or a combination thereof.

18. The antibody or antibody fragment of claim 17, wherein the DMARD is selected from the group consisting of meth-
otrexate and Cyclosporine A.

19. The antibody or antibody fragment of claim 17, wherein the antimicrobial agent is selected from the group consisting
of an antibiotic, an antiviral and an antifungal agent.

20. The antibody or antibody fragment of claim 19, wherein the antibiotic is an aminosalicylate.

21. The antibody or antibody fragment of claim 17, wherein the biologic agent is selected from the group consisting of
an antibody, a cytokine, a growth factor, an anti-TNF agent, and an immunomodulator.
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22. The antibody or antibody fragment of claim 21, wherein the antibody is an anti-tumor necrosis factor (TNF)-alpha
antibody or an anti-IL-15 antibody.

23. Use of an antibody or antibody fragment that binds NKG2D and is capable of impairing the expansion of NKG2D+
T cells or NK cells without depleting such cells, in the preparation of a medicament for use in treating an autoimmune
disease or an inflammatory disorder associated with NKG2D-mediated activation, wherein the autoimmune disease
is not type I diabetes.

24. An antibody or antibody fragment that binds NKG2D and is capable of impairing the expansion of NKG2D+ T cells
or NK cells without depleting such cells for use as a medicament.
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